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e wish to thank those who have 
used the first edition for their 
suggestions. We believe the in- 
corporation of many oi these recommen- 
dations will make this edition even more 
helpful to the user. 

To tli is end, we have updated the mate- 
rial for the second edition by scanning all of 
the original kodachromes and relabeling 
the art. We have added thirteen new pho- 
tographs and have enlarged over one hun- 



dred others. Four of the original black and 
white line drawings have also been re- 
drawn. Also, a glossary of nearly 750 
words has been added. 

The style, format, and purpose of this 
edition remain essentially unchanged from 
the first edition. We continue to view the 
atlas as a useful, benchside reference for 
those interested in understanding and in- 
terpreting histologic and cytologic prepa- 
rations. 
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All photomicrographs and drawings 
are original. Some drawings were done 
freehand, while others were made with the 

aid of a camera lucida. Light microscopy 

and colored photomicrographs have been 
used exclusively. We have chosen color 
rather than black and white because of its 
correspondence to stained preparations. 
With the exception of the few histologic 
preparations loaned to us by generous 
donors or purchased from a dealer, slides 
were prepared by the authors. Fresh organ 
samples were obtained from a slaughter- 
house or from animals that were eutha- 
nized for various reasons. With the excep- 
tion of smear preparations (blood, bone 
marrow, and vaginal), mesenteric spreads, 
ground bone, and a single plastic section, 
slides were prepared using the paraffin 
method. All slides were stained with hema- 
toxylin and eosin unless otherwise noted. 
Magnifications of photomicrographs are 
total magnifications (enlargement of pho- 
tograph X objective X projector lens). 
Throughout the atlas, hollow structures, 
for example, blood vessels, kidney tubules, 
and alveoli, are usually identified by label- 
ing the lumen of the structure. 



lthough we have written this atlas 
primarily to fulfill a need of the stu- 
dent of veterinary medicine, we be- 
lieve that clinicians, private practitioners, 
and researchers will find it a useful refer- 
ence for normal tissues and organs. Cur- 
rently, students rely heavily, if not exclu- 
sively, on atlases of human histology for 
guidance in the laboratory. There are, of 
course, similarities between organs and 
tissues of domestic animals and those of 
humans. There are also differences, how- 
ever, and these are rarely encountered in 
atlases dealing specifically with human 
histology. 

Our aim has been to compare the his- 
tologic structure of organs in a variety of 
domestic animals. We have used represen- 
tative examples in instances where tissues 
and organs from different animals share a 
common structure. Wherever differences 
exist, we have tried to provide examples 
that are characteristic of a particular group 
of animals. Our selection of animals in- 
cludes the dog, cat, horse, cow, sheep, goat, 
pig, and chicken because they are most fre- 
quently referenced in veterinary school cur- 
ricula. 
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Help is often just around the corner. Dr. 
Henry Stempen, whose olfice was down 
the hall from ours at Rutgers University in 
Camden, New Jersey, stopped by one day 
and volunteered his artistic talents. We’d 
like to thank him for his excellent pen and 
ink drawings of various animal parts, 
which are somewhat removed from the 
fungi lie usually draws. Our gratitude also 
to Ms. Kathleen Carr for her secretarial 
services. Special thanks are extended to 
Dr. Edward Zambraski, Ms. Kathleen 
O’Hagan, and Ms. Gail Thomas of Cook 

College, Rutgers University, for making 
fresh porcine material available to us; and 
to Dr. Barry Jesse and Dr. James Harner 
for supplying us with sheep parts. 

Without the unqualified use of the facil- 
ities and equipment of the Biology De- 
partment of Rutgers, our tissue processing 
and photomicrography could not have 
been accomplished. Our special thanks to 
the Department for this courtesy. 

This book would never have had a be- 
ginning were it not for the generosity of Dr. 

Leon Weiss, Department of Animal Biol- 
ogy, University of Pennsylvania School of 
Veterinary Medicine, who invited us to 

teach in the veterinary histology laboratory 
and kindly allowed us access to the slide 

collection and facilities of the Department. 

We would also like to express appreciation 
to the following individuals from the Uni- 
versity of Pennsylvania School of Veteri- 



nary Medicine: Mr. Richard Aucamp and 
Mrs. Kathy Aucamp, who provided us 
with specimens, slides, advice, and assis- 
tance in a variety of other ways; Dr. mark 
Haskins for kindly making available fresh 
canine and feline material; Dr. John Fyfe 
and Dr. Vicki A I eyers-Wallen for supplying 
us with canine vaginal smears; Dr. and 

Mrs. Loren Evans and 1 )r. David McDevitt 

for lending us reference material; Dr. Peter 
Hand and Ms. Graziella Mann for provid- 
ing material on the nervous system; and Dr. 

Helen Acland, Dr. Linda Bachin, Mr. 
James Bruce, Dr. Sherrill Davison, Ms. 
Dawn Dowling, Dr. Robert Dyer, Dr. 
Robert Eckroade, Dr. George Farnbach, 
Dr. David Freeman, Dr. Wendy Freeman, 
Dr. Alan Kelly, \ i r. Joseph McGrane, and 
Dr. Mary Sommer for their time and con- 
sideration in helping us to obtain tissue 

specimens. 

We are grateful to Dr. Carol Jacobson 
and the Department of Anatomy of the 
Iowa State University College of Veteri- 
nary Medicine for providing valuable slide 

preparations and text material. 

Our gratitude is also extended to Hill’s 
Pet Products, Topeka, Kansas, and 
Pitman-Moore, Inc., Washington Cross- 
ing, New Jersey, for their generous finan- 
cial assistance. 

Many thanks also to: Dr. Caroline 
Czarnecki of the University of Minnesota, 
College of Veterinary Medicine, for pro- 
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vkling copies of her informative labora- 
tory guide; Dr. Deborah Ganster, Dr. 

James Lawhead, Dr. Virginia Pierce, Dr. 
Maria Salvaggio, Dr. Barbara Strock, and 
Dr. Cindi Ward for assisting us in obtain- 
ing tissue samples; Mr. Jeff Bringhurst, 
Bringhurst Brothers, Tansboro, New Jer- 
sey, for allowing us access to fresh large 
animal material; the Longenecker Hatch- 
ery, Elizabethtown, Pennsylvania, for pro- 
viding chicken specimens; Ms. Susan Ul- 
rich, Cornell University Press, for lending 

us a difficult-to -obtain reference; the help- 
ful people at Optical Apparatus Company 
Inc., Ardmore, Pennsylvania, for supplies 

and for assistance with equipment for the 

microscope; and to Mr. Charles Belli and 
Mr. James Durso of Webb and Company 
Inc., Cherry Hill, New Jersey, for their 
courteous service and helpful advice. 



We are indebted to Mr. William J. Bacha, 

Sr., for building a super light box for us, 

and to Mr. Thomas H. Wood, Jr., for pro- 
viding black and white prints of our pho- 
tomicrographs, which saved us countless 
hours of drudgery in the darkroom. Thanks 
to Barbara Frasco, Esq., for her helpful ad- 
vice. Our hats are off also to Snuff, Chew, 
Chapter Seat, Angel, Clyde, and all the 

other animals for their participation. 

We also wish to extend our gratitude to 
all at Lippincott Williams &c Wilkins 

whose efforts helped bring this second edi- 
tion into being. We are especially grateful 

to Carroll C. Cann and Jennifer D. Weir 

for their professional advice, courtesy, 
and assistance. 



William J. Bacha, Jr 
Linda M. Bacha 
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histologic section is a thin slice of tissue varying, usually, from 0.5 to 10 or more 
micrometers (^m) thick. In preparing such a section, a piece of tissue is either in 
filtrated with a supporting medium or frozen and is then cut with an instrument 
called a microtome. Sections obtained from tissue infiltrated with plastic can be as thin as 
0.5 /xm and show superior detail. Excellent preparations as thin as 2 or 3 jam can also be 

made from tissue infiltrated with paraffin-based embedding media. Sections are affixed to 
microscope slides and colored with one or more stains to increase the visibility of various 
cellular and intercellular components. 

Schematically, Figure 1.1 outlines various steps involved in producing a stained his 
tologic slide using the paraffin procedure. After being removed from an animal, a tissue 
or organ is cut into pieces. These pieces are placed into a fixative such as buffered for 
malin or BouiiTs, which, ideally, preserves normal morphology and facilitates further pro 
cessing. After fixation, the specimen is dehydrated by transferring it through a series of al 
cohols of increasing concentrations to 100% alcohol. Next, it is placed into a substance 

or xylene substitute, which is miscible with both 100% alcohol and paraf 
fin. This intermediate step (called clearing) is essential before infiltrating the dehydrated 
tissue with paraffin because alcohol and paraffin do not mix. During infiltration, melted 
paraffin completely replaces the xylene. This procedure is done in an oven at a tempera 
ture just above the melting point of the paraffin. When infiltration is complete, the spec 
imen is transferred to an embedding mold of fresh paraffin, which is allowed to harden. 
Then the mold is removed and excess paraffin is trimmed away 

The block of paraffin is then secured to the microtome and oriented appropriately 
with respect to the knife. With each revolution of the microtome handle, the specimen 
moves through the blade and a section of the desired thickness is produced. Each succes 
sive section adheres to the preceding one, forming a continuous ribbon. Subsequently, one 
or more sections are carefully separated from the ribbon and transferred to the surface of 
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histologic slide using the paraffin method. 



Figure 1.1. The various steps involved in producing 
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warm water in a water bath. This so I tens the paraffin and 
flattens the section, eliminating wrinkles. The flattened sec- 
tion is floated onto a slide, which is then placed on a warm- 
ing table. As the preparation dries, the section adheres to 
the surface of the slide. 

Next, the paraffin is removed with xylene or another 
appropriate solvent and the specimen is rehydrated. It is 
then stained, dehydrated, cleared (made transparent) with 
xylene, covered with a resinous mounting medium, and 
topped with a cover-slip. 

Various stains are available to the histologist. Hema- 
toxylin and eosin (H&cE) is a frequently used combination 
of stains. Hematoxylin imparts a purple color to sub- 
stances, but must be linked to a metallic salt called a mor- 
dant before it can function effectively. This combination, 
called a lake, carries a positive charge and behaves as a ba- 
sic (cationic) stain. The lake combines electrostatically with 
negatively charged radicals such as phosphate groups of 
nucleoproteins. Substances that become colored by a basic 
stain are said to be basophilic. Methylene blue, toluidine 
blue, and basic fuchsin are basic stains. Unlike hema- 
toxylin, these stains have molecules that carry a positive 
charge of their own and do not require a mordant. Acidic 
(anionic) stains carry a negative charge and color cell or tis- 
sue components that bear positive charges. Eosin is an acid 
stain. It imparts an orange or red color to acidophilic sub- 
stances. Other commonly used acid stains are orange G, 
phloxine, and aniline blue. 

In addition to the widely used H&E staining proce- 
dure, numerous other stain combinations and techniques 
are available. Some are especially useful for identifying cer- 
tain tissue elements. For example, trichrome procedures 
such as Mallory’s and Masson’s specifically stain collage- 
nous fibers within connective tissue. Orcein and Weigert’s 
resorcin fuchsin are stains used to color elastic ibers, pro- 
viding a means of distinguishing them from other fibrous 
elements. Reticular fibers and nervous tissue components 
such as neurons, myelin, and cells of the neuroglia can be 
stained by procedures employing the use of silver. There 
are also special histochemical and immunohistochemical 
procedures that make possible the localization of various 
carbohydrates, lipids, and proteins found in tissue. Lastly, 
stains such as Wright’s and Giemsa’s (Romanovsky stains) 
are available for differentiating the various cells found in 
blood and bone marrow. 



The three-dimensional structure of organs and their 
components must also be considered when examining a 
histologic preparation. Cells are three-dimensional objects 
differing in size and shape. For example, some are long and 
thin, some cuboidal, and others ovoid. They may have a 
random or specific arrangement within an organ. How 
they appear depends on their shape, as well as how they 
were cut. Imagine how the spindle-shaped and tall colum- 
nar cells shown in Figure 1.2 A would look if sectioned in 
various planes. Note that the nucleus may or may not be in- 
cluded in a particular cut through a cell. 

The histologist examines multicellular structures hav- 
ing a wide variety of shapes. Some are hollow, some branch 
repeatedly, some open onto surfaces, etc. Figure 1.2, B and 

C y and Figure 1.3 show a variety o three-dimensional 

structures and now they would appear if cut at different 
levels. Examine these carefully. They will help you to un- 
derstand situations you will encounter on actual slides. 



Be sure that the lenses of your microscope are clean before 
you begin examining slides. Use a piece of lens paper or a 
soft, clean cloth such as an old < but clean) linen handker- 
chief. If the lenses have been coated with oil or another sub- 
stance, remove it using lens tissue moistened sparingly with 
a glass cleaner such as Windex. Slides should also be 
cleaned using a soft, lint-free cloth or tissue moistened with 
glass cleaner. 

Every microscope should have a pointer in the ocular. 
This is usually supplied by the manufacturer, but can be 
made from a short piece of hair. The latter is cemented into 
place inside the ocular with a dab of quick-drying glue or 
nail polish. Without a pointer, it is not possible to accu- 
rately indicate an object in the microscope field for another 
observer. 

Before beginning a session at the microscope, make 
sure that the fine-adjustment knob is near the middle of its 
range of rotation. If you do not, you may find that the knob 
is at the limit of its excursion when you are busily making 
observations. At that point, you must stop everything and 
correct it. 

It is also a good habit to examine your slide with the 
unaided eye before placing it on the stage of your micro- 
scope. If you do so, you will gain information about the 
gross aspects of the specimen and be more likely to center 
it properly over the light source. Centering is especially im- 
portant for small specimens that might otherwise be diffi- 
cult to locate. Also, make sure that you put the slide on the 
stage with the cover glass uppermost. If the slide is upside 
down, you will not be able to focus on it with the high- 

power lenses. Do not snicker. We have seen this happen of- 
ten in the teaching laboratory! 

It is always a good idea to start your observations us- 
ing the lowest power objective available on your micro- 
scope. ! his is usually the 4x lens. The field of view will be 
large, enabling you to locate regions of special interest 
more easily. When you locate something you wish to ex- 
amine at a higher magnification, center the object in the 



One must know the gross structure of an organ before a 
histologic section from it can be comprehended. It is also 
helpful to know how the section was cut, that is, whether 
it was a cross section (x.s.), a longitudinal section (l.s.), or 
an oblique slice through the organ. Was the cut made 

through the entire organ or only through a portion of it? 
Frequently, prepared slides are labeled indicating the par- 
ticular orientation oi the section. This is not important in 
an asymmetric organ such as the spleen or liver because 
their appearai i.ce would be unaffected by the direction of 
the cut. Conversely, the small intestine is radially symmet- 
ric and its appearance is affected by the direction of the cut. 
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ance of sections varies with the level of the cut 
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Figure 1.3. The prime numbers illustrate sections resulting from transverse (4), oblique (1), and longitudinal (2,3,5,61 

cuts made through a plate of cells bearing hollow projections (above plate) and invaginations (below plate). Plane 3 
differs from the others because it passes only through the cellular wall of a projection, and not the lumen; therefore 
tion 3' appears as a plate of cells rather than a hollow structure. You should also be aware that structures may often 
appear unrelated to a surface or another object, when in fact they are. Compare planes 5 and 6 with sections 5' and 
6', where continuity of the invagination with the surface is evident only in 6 and 6'. While not apparent from a single 
section, such continuity would be evident if an uninterrupted series of sections through the entire invagination were made 
and examined. 



/ 



GENERAL PRINCIPLES OF HISTOLOGY 



5 








for your eyes. Be sure that the condenser is raised to its 
highest position, or close to it, when you do this. Now, re- 
move an ocular and look at the back aperture of the objec- 
tive. Close the aperture diaphragm fully and then open it 
until it is about 75% of being fully open. This will provide 

proper lighting for most purposes. If you should need more 
or less illumination, make adjustments only with the rheo- 
stat or neutral density filter; do not use the aperture di- 
aphragm. 

To get the most from a specimen, you must avoid be- 
ing a passive microscopist, that is, one who finds an object 
and then stares at it admiringly without making further ad- 
justments of the focus. Get into the habit of focusing con- 
tinuously with the fine adjustment as you peruse a slide, be- 
cause even though a tissue section may be only a few 

micrometers thick, the depth of field of the higher power 
objectives may be less than the thickness of the specimen. 
Therefore, if you do not focus repeatedly as you examine a 
preparation, you will certainly miss seeing structural detail 
that might be important to your work. 

You might like to return to a particular location on 
your slide preparation at a future time. Remembering 
landmarks in the vicinity of the object of interest will aid 
you in locating the object later. A more expedient way of 
relocating structures is by using verniers, which are 
mounted on both the X and Y axes of the mechanical 
stage. A vernier consists of two, parallel, graduated, slid- 
ing scales, one long and one short. The smaller scale is 9 
millimeters (mm long and is divided into 10 subdivisions 

(0 to 10). The larger scale is several centimeters (cm) long 

and is graduated in millimeters, for example, 0 to 80 or 
100 to 160. To relocate an object on a slide, you must first 
center it in the microscope field. Once this has been done, 
you establish its location by reading each of the verniers (X 

and Y). For example, the 0 point on the small scale of the 
vernier on the X axis might be located somewhere between 

lines 42 and 43 on the larger scale ( Fig. 1.4). To determine 

its specific location, find the line on the small scale that co- 
incides exactly with a line on the longer scale. Then count, 
on the smaller scale, the number of spaces between 0 and 
the point of coincidence. This number is your decimal 

point. In the example given (Fig. 1.4), the decimal is 0.6 
and you snould read 42.6 as the vernier value. Do the same 

tor the other vernier (Y) and record the numbers for both. 
In the future, if you want to return to the same location, 
simply secure the slide to the mechanical stage and move 
the stage controls until the verniers are adjusted to the 
numbers you previously recorded. These manipulations 
will have returned the slide to its former position, and the 
object you are looking for should be somewhere within the 

microscope field. 

By knowing the approximate diameter of a red blood 
cell in a section, you can estimate the size of other tissue 



middle of the field of view. Then, when you change to a 
stronger lens, the object should be somewhere in the field. 

Binocular microscopes often have at least one ocular 
that can be adjusted to accommodate your vision. It is im- 
portant that you adjust this properly if you want to have a 
comfortable, headache-free session at the microscope. As- 
suming that your microscope is of the binocular type and 
that it has at least one adjustable ocular, you should first 
bring the specimen into focus with the ocular that is not ad- 
justable by using the fine adjustment knob. When you have 
done this, focus the other eye using the adjustable ocular. 
Use of this procedure will ensure a proper focus for both 
eyes and prevent eye strain. 

Bright, even lighting is absolutely essential to effective 
microscopy. The best way to achieve this is to use Kohler 
illumination. This can be obtained with any microscope 
that is equipped with both a condenser aperture diaphragm 
(the one in the condenser) and a field diaphragm (the one 
in the light source ). If you have such an instrument, proceed 
as follows: 

1. Center the light source, using the directions you re- 
ceived with the microscope. 

2. Open both the field and aperture diaphragms fully. 

3. Raise the condenser to its uppermost position. 

4. Place a specimen on the stage and focus on it using 

the 10X objective. 

5. Close the field diaphragm so that its leaves are clearly 

imaged in the field of view. 

6. Center the image of the diaphragm by manipulating 

the condenser centering screws, then open the field 
diaphragm until its leaves disappear just beyond the 
edge of the field of view. 

7. Remove an ocular and, while looking into the back 

aperture of the objective, close the aperture di- 
aphragm completely and then open it until it is about 

75% of being fully open. 

You now have Kohler illumination. If you want to in- 
crease or decrease the light intensity, use the rheostat or 
neutral-density filters, but do not adjust the condenser 
aperture diaphragm or field diaphragm. If the aperture di- 
aphragm is open to excess, the image will lack some con- 
trast and be flooded with light. If it is closed too far, there 
will be a loss of resolution and increase in contrast. This in- 
crease in contrast is often confused with sharpness or high 
resolution; this is a common error in microscopy. All of the 

above adjustments (except for centering the light source) 
must be made each time a different objective is used. 

If your microscope lacks a field diaphragm, you will 
not be able to obtain Kohler illumination. You can still ac- 
quire good and useful lighting, however. Place a specimen 
on the stage, open the aperture diaphragm fully, and adjust 
the light intensity with the rheostat so that it is comfortable 



Figure 1.4. Small and large vernier scales. 
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tissues embedded in Paraplast X-TRA iMonoject Scientific 

Division of Sherwood Medical, St. Louis, MO 63103). 



components. Therefore, it useful to know that in tissue 
sections prepared by the paraffin method the average size 

of erythrocytes for each of the following animals is as 
follows: 

Goat 2.4 ^m diameter (smallest erythrocytes of the 

domestic mammals)* 

Dog 4.9 jjim diameter (largest erythrocytes of the do- 
mestic mammals) 

Chicken 9.4 mm long 

Each average value is based on a total of 20 to 30 cells 
that were measured from five different slide preparations of 









m m 






Folds, knife marks, stain precipitate, spaces (where none 

belong), shrinkage, and air bubbles are examples of com- 
monly occurring imperfections seen in slide preparations. 
They were introduced during processing and are called ar- 
tifacts. Figures 1.5 through 1.9 are examples of such arti- 
facts. 
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Figure 1.9, 
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Figure 1.5. 



KEY 



A 



4. Knife mark 

5. Separation artifact 

6. Stain precipitate 



1 , Dermis 

2. Epidermis 



3. 



Figure 1.5. Stain Precipitate, Cartilage, Dog. Occasionally, solu- 
tions accumulate precipitate that may stick to the surface of tissue 
sections during the staining procedure. 

Figure 1.6. Separation (space) Artifact, Skin, Dog. Tissues may 

be subjected to excessive pressures, tensions, or shrinkage during 
processing, resulting in separations within otherwise intact tissue. 

Figure 1 .7. Crackling Artifact, Thymus, Horse. Highly cellular tis- 
sues, for example, thymus, liver, pancreas, and spleen, often show 
numerous tiny cracks throughout. Also note that this specimen is 
not in sharp focus. 

Figure 1.8. Knife Marks and Folds, Esophagus, Horse (Mas- 
son's). Knife marks (scratches) in the tissue section may be caused 
by defects in the microtome knife or by accumulations of debris on 
the knife edge. Folds occur when the tissue sections fail to spread 
properly on the surface of the slide. 

Figure 1.9. Fold, Aorta, Pig. In a tissue section, folds are raised 

areas that frequently overlap. Note that portions of this picture are 
not in sharp focus. 
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Figure 1.7. 
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Figure 1.8. 
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he external and internal surfaces of the body and many of its parts are covered by 
one or more layers of cells. These cellular coverings or linings constitute a tissue 
called epithelium. Epithelial cells are supported by a basement membrane that sep 
arates them from the underlying connective tissue. Cells are the principal components of 
the epithelium. Intercellular substance is sparse and is exemplified by the thin layer of ma 
terial located between cells, which helps to hold them together. The free surface of ep 
ithelial cells may possess cilia, microvilli, or stereocilia. 



Simple epithelia consist of a single layer of cells. The latter may have a squamous (flat 
tened), cuboidal (more or less square), or columnar (tall and rectangular ) shape when 



seen in profile. Pseudostratified columnar, 



special category of simple epithelium, 



a 



appears in profile to consist of several layers of cells. This is an illusion that results 
from nuclei being located at different levels within cells of different heights. In a sim 
pie epithelium, all the cells are in contact with the basement membrane 
Stratified epithelia contain two or more layers of cells. Only the bottom-most layer is 
in contact with the basement membrane. They are classified as stratified squamous 
cuboidal, or columnar, depending on the shape of those cells in their outermost (sur 
face) layer. A category called transitional is a special form of stratified epithelium lim 
ited to the urinary system. The shape of its cells will vary with the amount of fluid 









pressure applied against it. 



All glands, endocrine or exocrine 



are derived from an epithelium during develop 



■> 



ment. Numerous examples of glands are presented in subsequent chapters. 
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Figure 2. 1 



Figure 2.5 
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1 . Basal ceil 

2. Basement membrane 

3. Columnar cell 

4. Columnar cell, ciliated 

5. Connective tissue 

6. Cuboidal cell 



9. Hepalocyte 
1 0. Lamina propria 

Lymphocyte 

1 2. Smooth muscle ce 

1 3. Squamous cell, nucleus 

1 4. Stratified squamous epithelium 

1 5. Striated border 
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Esophagus, lumen 



7. 



8. Goblet cell 



Figure 2.1. Simple Squamous Epithelium, Mesothelium, liver. 

Cat. The surface of the liver is covered by a single lay er of squa- 
mous cells that lie on a thin layer of connective tissue. The cyto- 
plasm of the squamous cells is sparse and generally only the 






nu- 



visible. 



m 



Figure 2.2 



x 250 



Figure 2.2. Simple Cuboidal Epithelium 
(Trichrome). The lining of these collecting tubules consists of a 
layer of cuboidal cells. 

Figure 2.3. Simple Columnar Epithelium, Jejunum, Dog. The je- 
junum is lined by a simple columnar epithelium. A striated border, 
consisting of numerous microvilli, is evident. Goblet cells and mi- 
grating lymphocytes are present among the columnar cells. 

Figure 2.4. Ciliated Pseudostratified Columnar Epithelium, Tra- 
chea, Cow. In this epithelium the nuclei are at different levels, giv- 
ing the impression of stratification. All cells, however, contact the 
basement membrane. 

Figure 2.5. Stratified Squamous Epithelium, Nonkeratinized 

Esophagus, Cat. Only cells of the basal layer contact the basement 
membrane. 1 he name of this epithelium is derived from the squa- 
mous cells of its outer layer. 



Kidney, Cow 
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Figure 2.10 



Figure 2.6 
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1 . Bi stratified cuboidal 

epithelium 

2. Dermis 

3. Keratinized cells 



4. Smooth muscle 

5. Stratified columnar epithelium 

6. Transitional epithelium 



Figure 2.6. Stratified Squamous Epithelium, Keratinized, Wat- 
tle, S^ig. The wattle is covered by a keratinized stratified squamous 
pi them 
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Figure 2.7. Bistratified Cuhoidai Epithelium, Esophagus, Dog. 

Ducts of glands of the esophagus are lined by a bistratified 
cuboidal epithelium. 

Figure 2.8. Stratified Columnar Epithelium, Urethra, Goat. This 

portion of the urethra is lined by a stratified columnar epithelium. 

Figure 2.9. Transitional Epithelium, Unstretched, Urinary Blad- 
der, Cat. Surface cells of the transitional epithelial lining are either 
balloon-shaped or broadly cuboidal when not under tension. 
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Figure 2.7 



Fiqure 2.10. Transitional Epithelium, Stretched, Urinary Blad- 

flattened and elon- 



der. Cat. Surface cells of this epithelium 
gated when the bladder is full. 
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Figure 2.8 
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Figure 2.9 
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onnective tissue binds together and supports other tissues. It is a composite of var 
ious cells and fibers in an amorphous ground substance. The latter two compo 
nents comprise the extracellular matrix, which typically predominates over the cel 



lular elements. 



The ground substance, composed largely of glycoproteins and glycosaminoglycans, 
forms a well-hydrated gel that fills the spaces between cells, fibers, and vessels of connec 
tive tissue. It acts as a reservoir for interstitial fluid, providing a medium through which 

oxygen, nutrients, and metabolic by-products diffuse to and from cells of various tissues 



and the vascular system. 



Collagenous, reticular, and elastic fibers occur in connective tissue. Collagenous 
fibers, composed of the fibrous protein collagen, are generally the most abundant. They 
are strong and flexible, yet able to resist stretch. They may be fine or coarse, and they are 
characteristically un branched and somewhat wavy. In tissues stained with H&E, they ap 
pear pink and refractile. Reticular fibers are also formed from the protein collagen. They 

are delicate, branching fibers that possess a coat of glycoproteins and proteoglycans. They 



argyrophilic (silver-loving) and 



be stained with silver to distinguish them from 



are 



can 



other fibers of the connective tissue. They may also be selectively stained with Schiff 
reagent. Elastic fibers, formed from the protein elastin, range in diameter from fine to 
coarse and ordinarily cannot be distinguished from collagenous fibers without the use of 
special stains such as orcein or Weigert’s resorcin fuchsin. In some H&E preparations, 
however, they become colored more intensely by eosin than the collagenous fibers from 
which they can therefore readily be distinguished. Fibroblasts are generally the most nu 



s 



merous of the cells found in connective tissue. They 



responsible for the formation of 



are 



both fibers and ground substance. Macrophages (histiocytes), derivatives of monocytes of 
the blood, are also common inhabitants of connective tissue. They are phagocytic cells 

that can often be recognized by the presence of debris in their cytoplasm, which gives 
them a dirty appearance. Other migrants from the blood that are found in connective tis 
sue are neutrophils and eosinophils. Plasma cells, lymphocytes, adipocytes, mast cells, and 
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globular leukocytes also occur in varying numbers in con- 
nective tissue. 

All connective tissues are classified on the basis of the 

arrangement and proportions of their cellular and intercel- 
lular components. Connective tissue proper includes die 
general types of connective tissue, loose and dense, as well 
as the special types, reticular, elastic, and adipose. Mes- 
enchyme and mucous connective tissue are classified as em- 
bryonal connective tissues. 

In loose (areolar) connective tissue, the ground sub- 
stance predominates. It contains many scattered cells of 
various types, vessels, and a loose network of fine collage- 
nous, reticular, and elastic fibers. Loose connective tissue is 
widespread throughout the body. It surrounds vessels and 
nerves. It is found in serous membranes such as mesenter- 
ies, the lamina propria of mucous membranes, subcuta- 
neous tissue, and the papillary (superficial) layer of the der- 
mis, as well as other places. 

In contrast to loose connective tissue, dense connective 
tissue (often called fibrous tissue) is composed principally 
of thick collagenous fibers. It contains fewer cells than 
loose connective tissue, most of which are fibroblasts. In 
dense irregular connective tissue, the collagenous fibers 
course in all directions, forming a compact three-dimen- 
sional meshwork. Dense regular connective tissue is char- 
acterized by closely packed, parallel bundles of collagenous 
fibers. Dense irregular connective tissue occurs in such 
places as the reticular (deep) layer of the dermis, the sub- 
mucosa of the digestive tract of some species, and the cap- 
sules of organs. Tendons, ligaments, and aponeuroses are 
formed by dense regular connective tissue. 



It is helpful to know that there are no sharp lines of dis- 
tinction between loose and dense irregular connective tis- 
sue, or between dense irregular and regular connective tis- 
sue. It is not always possible therefore to classify these types 
or connective tissues with great precision. 

Reticular tissue is composed of numerous reticular 

supportive network for the 
parenchyma of structures such as the spleen, lymph 
node, liver, kidney, and bone marrow. 

Elastic tissue is characterized by numerous regularly or 
irregularly arranged elastic fibers. It is exemplified by 
the ligament um nuchae of grazing animals and by the 
vocal ligaments. 

Adipose tissue consists of groups of adipocytes also 
called adipose cells or fat cells) within the loose con- 
nective tissue of such places as mesenteries, subcutis, 

and sheaths of vessels and nerves. 

Mesenchyme tissue is found in the embryo. It consists of 
a loose arrangement of pale, star-shaped (stellate ) cells 
with interconnecting cytoplasmic processes. The mes- 
enchyme cells are embedded in a jellylike, amorphous, 

ground substance that accumulates fine fibers as devel- 
opment progresses. 

Mucous connective tissue, another type of embryonal 
connective tissue, surrounds the vessels of the umbili- 
cal cord. It also occurs in limited regions in adult ani- 
mals, for instance, the dermis of the comb and wattle 
of the chicken. It is composed of fibroblasts and 
loosely arranged, fine, collagenous fibers in an abun- 
dant, amorphous ground substance. 



fibers. It forms 
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Figure 3.1 



Figure 3.5 



X 250 



x 625 



7. Fibroblast nucleus 

8. Lymphocyte 

9. Mast ceil 

10. Mesenchyme cell 

11. Neutrophil 

1 2. Plasma cell 



1 . Amorphous ground substance 

2. Collagenous fiber 

3. Elastic fiber 

4. Eosinophil 

5. Epithelium, lip 

6. Erythrocytes in capillary 
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Figure 3.1. Mesenchyme, 72-Hour Embryo, Chicken. Mes- 
enchyme consists of stellate cells. Their processes touch, forming a 

three-dimensional latticework. The cells are surrounded by an 
amorphous ground substance. 

Figure 3.2. Mucous Connective Tissue, Umbilical Cord, Cow. 

Mucous connective tissue consists of a loose framework of fibrob- 
lasts and collagenous fibers in an amorphous ground substance. 
Mucous connective tissue of the umbilical cord is often called 

Wharton's jelly. 

Figure 3.3. Loose Connective Tissue, Mesentery, Cat (LeukoStaf 

and Orcein}. The loose arrangement of the connective-tissue cells 
and fibers in th is whole mount preparation is evident. Fine, 
branching elastic fibers appear bEue-gray. The thicker, collage- 
nous fibers stain pale pink. Note the mast cell filled with purple 
granules. 

Figure 3.4. Plasma Cells, Loose Connective Tissue, Lamina Pro- 
pria, Jejunum, Dog. Plasma cells are common constituents of the 

lamina propria of the gastrointestinal tract. They are character- 
ized by a basophilic cytoplasm an d large blocks of nuclear hete- 
rochromatin. A lightly stained area adjacent to the usually eccen- 
tric nucleus marks the location of the Golgi apparatus. 

Figure 3.5. Mast Cells, Loose Connective Tissue, Lip, Cat, (Tolut- 

dine Blue). The granules of mast cells are metachromatic and are 
colored purple by toluidine blue. 
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Figure 3.2 
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Figure 3.4 



CONNECTIVE TISSUE 15 








5 . Lymphocyte 

6. Mast cell 

7. Plasma cell 



1 . Collagenous fiber 

2. Eosinophil 

Fibroblast nucleus 
4. Globular leukocyte 



3. 



Figure 3.6. Loose Connective Tissue, Lamino propria. Duode- 
num, Cow. A loose meshwork of fibers of the connective tissue 
and various cells are contained in an amorphous, ground sub- 
stance. 
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Figure 3.10 
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7. Fibroblast nucleus 

8. Loose connective tissue 

9. Macrophage 

10. Tendon, l.s. 

11. Tendon, x.s. 
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2. Arteriole 

3. Collagenous fiber 

4. Dense irregular connective tissue 

5. Eosinophil 

6. Epithelium, planum 
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Figure 3.7. Macrophages, Loose Connective Tissue, Colon, Pig. 

Wandering macrophages are characterized by their oval shape. 
The cytoplasm of these cells often contains ingested particles and 
appears dirty. Eosinophils of the pig contain oval or bilobed nu 
clei. 

Figure 3.8. Loose and Dense Irregular Connective Tissue, Der 

Planum Nasolabiale, Cow. Note that the loose connective tis 

papillary layer of the dermis contains finer fibers and 
more cells than the dense irregular connective tissue of the reticu 
lar layer. 

Figure 3.9. Dense Irregular Connective Tissue, Dermis, Horse 

Note the coarse, interwoven, collagenous fibers 

Figure 3.1 0. Dense Regular Connective Tissue, Tendon, x.s. and 

Nose, Pig. In tendons and ligaments, collagenous fibers are 
arranged in parallel order. Fibroblasts are located between the 
fibers. 
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artilage is a form of connective tissue, "here are three basic types of cartilage: hya- 
line, elastic, and fibrous (fibrocartiiage). Each consists of chondrocytes embedded 
in an amorphous, ground substance (matrix), which is rich in sulfated gly- 
cosaminogiycans complexed with protein to form macromolecules called proteoglycans. 
The latter are bound electrostatically to unit fibrils of collagen. The matrix is firm but 
flexible. 

Hyaline cartilage is the most common type. It forms large parts of the developing ver- 
tebrate skeleton, and it is also found in epiphyseal discs, articular cartilages, the tra- 
chea, bronchi, and elsewhere. Its ground substance is separable into pale and darkly 
stained areas called interterritorial and territorial matrix, respectively. The higher 
concentration of sulfated glycosaminoglycans in the latter is responsible for the 
darker staining. Chondrocytes arc confined to small spaces {lacunae within the ma- 
trix. Small clusters of chondrocytes, called isogenous groups, are frequently observed. 
They are the result of cell division of chondrocytes. Cartilage matrix is usually in- 
vested by a perichondrium whose inner layer is chondrogenic, containing cells with 
the capacity to become chondroblasts. Its outer portion is dense irregular connective 
tissue. 

Elastic cartilage is similar in structure to hyaline cartilage. Its name derives from the 
presence of large amounts of elastic fibers embedded in the matrix. Among other 
places, it is found in 

Fibrous cartilage is unlike either of the other types. It is dense connective tissue within 
which are distributed linear groupings of chondrocytes embedded in a small amount 
of matrix. Fibrous cartilage is found in such places as the intervertebral discs and car- 
diac skeleton, as well as within some tendons close to their attachment to bone. 



the epiglottis, parts 



of the larynx, and the pinna. 
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1 . Chondrocyte 

2. Chondrocyte in lacuna 

3. Collagenous fiber 

4. Elastic fiber 

5. Interterritorial matrix 



6. Matrix 

7. Perichondrium, chondrogenic 

8, Perichondrium, fibrous 

9, Territorial matrix 
























Fig ure 4,1 . Hyaline Cartilage, Trachea, Cow. The perichondrium 

an outer fibrous and an inner chondrogenic layer. 
Isogenous groups and single chondrocytes are scattered through- 
out the matrix. 

Figure 4.2. Elastic Cartilage, Epiglottis, Dog. Pink elastic fibers 

be seen throughout the cartilage matrix. 

Figure 4.3. Elastic Cartilage, Wattle, Pig (Orcein). The elastic 
fibers are stained red with orcein. 

Figure 4.4. Fibrocartilage, Intervertebral Disc, Horse. Chondro- 
cytes are arranged in rows and framed by a hazy rim 
matrix. Collagenous fibers are visible between rows of chondro- 
cytes. 

Figure 4.5. Fibrocartilage, Claw, Chicken. Rows of chondrocytes 

are randomly scattered among collagenous fibers. Pale blue ma- 
trix is visible around some chondrocytes. 
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relatively light weight. 

The structure of bone is unrelated to its mode of development; that is, the lamellae of 
intramembranous bone have the same basic structure as those of endochondral (in- 
tracartilaginous ) bone. Mature bone, however, contains fewer osteocytes than the imma- 
ture bone it replaces. The woven form of the latter contains numerous osteocytes and an 
organic matrix of interlacing collagenous fibers. Its matrix has a bluish cast in prepara- 
tions stained with hematoxylin and eosin. In contrast, the matrix of mature hone is uni- 



formly acidophilic 



Deposits of matrix may be dense, with few spaces between matrix elements {compact 
bone), or they may be in the form of delicate three-dimensional latticeworks (spongy 
bone). Compact bone forms the outer shells of the diaphysis and epiphysis, while spongy 
bone occurs in the interior of the epiphysis and the endosteal surface of portions of the di- 
aphysis. In the compact bone of the diaphysis, matrix appears as Haversian systems, in- 
terstitial systems, and circumferential lamellae. 

Although osteocytes are entrapped within matrix, they are able to communicate 
physically through canahculi, which connect lacunae with each other. Osteoblasts and os- 
teoclasts lie free on the external surface of the matrix. The former secrete most of the ma- 



trix and eventually become surrounded by it. They are then called osteocytes. Osteoclasts, 
large multinucleate cells derived from monocytes, resorb matrix during bone remodeling 
or when the need for serum calcium arises. 

Bone matrix undergoes remarkable transformations in size and shape during devel- 
opment. Tliis process of bone remodeling is especially well exemplified during the for- 
mation of the skull and long bones. In both instances, transformations in shape and in- 
creases in size are accomplished through the processes of bone deposition and bone 

resorption. 

An important aspect of the growth in length of long bones is the persistence of func- 
tional epiphyseal discs. These plates of hyaline cartilage permit the process of intracarti- 
iaginous ossification to continue until full growth of the bone is achieved, at which time 
the discs become replaced by bone and no further lengthening is possible. 
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Figure 5.2. Membrane Bone, Decalcified, Nose, Dog (Mas- 
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Figure 5.6. Epiphyseal Disc, Humerus, I.s., Decalcified, Cat Var- 

of endochondral tone formation. Small, scattered car- 

reserve (resting) cartilage. They 
rows that constitute the zone of multiplication 
(zone of proliferation). The cells then enlarge (zone of hypertro- 
phy). The remaining cartilage matrix between the hypertrophied 

11$ becomes impregnated with calcium salts (zone of calcifica- 
tion). Osteoblasts deposit bone matrix (pink) onto the calcified car- 
tilage matrix (lavender) in the zone of ossification. 
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Figure 5.7. Endochondral Bone, Phalanx, l.s., Decalcified, Dog. 
The zones of calcification and ossification 
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Figure 5.8. Endochondral Bone, Epiphysis of Radius, Decalci- 
fied, Doa. Spicules of bone (oink) with calcified cartilaae cores 
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Figure 5.9. Compact Ground Bone, Femur, x.s.. Cat (Unstained). 

A haversian canal surrounded by concentric bony lamellae con- 
stitutes a 

like, fine, dark lines) are occupied by osteocytes and their pro- 
cesses, respectively, in living tissue. Volkmann's canals, inner 
circumferential lamellae, and parts of old haversian systems 
called interstitial systems, are present. 

Figure 5.10. Compact Ground Long Bone, x.s., Cat (Unstained). 

spider web-iike channels called canaliculi 
rounding the lacunae. 

Figure 5. 1 1 . Compact Bone, Humerus, x.s., Decalcified 

Chicken. In decalcified bone, hydroxyapatites have been 

moved, leaving the collagenous portion of the matrix. Blood ves- 
sels, osteocytes, and other tissue elements are also left intact. Com- 
pa re wi 
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1 , Artery 

2. Endosteu m 

3, Fibrous layer, periosteum 

4. Haversian canal 



8 . Osteocyte 

9. Osteogenic 
1 0. Periosteum 



er, periosteum 



1 1 . Sharpey's fibers 



12. Tendon 



6 . Mega ka ryocyte 

7. Nerve 



1 4. Voikmann's canal 



Figure 5.12. Compact Bone, x.s., Jaw, Decalcified, Dog. Blood 

vessels and nerves are evident in this cross section of a haversian 
canal. 

Figure 5.13. Compact Bone, Rib, l.s., Decalcified, Cat. Portions 

f ha version canals are 

bone. The collagenous fibers of a tendon extend into the bone 
Sharpey's fibers. The large cells in the bone marrow are 
megakaryocytes. 

Figure 5.14. Compact bone, rib, l.s.. Decalcified, Cat. Flat cells 

m line the marrow cavity. 

Figure 5. 1 5. Periosteum of femur, l.s., Decalcified, Cat. The pe- 
riosteum parallels the bone of the diaphysis. 

Figure 5. 1 6. Periosteum of femur, l.s., Decalcified, Cat. A mag- 

view of the periosteum seen in Figure 5.1 5. The osteogenic 

layer of the periosteum abuts the bone and is more cellular than 
the outer fibrous layer of the periosteum. 
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Figure 5-17. Sharpey's Fibers, Phalanx, l.s., Decalcified, Fetus, 
Sheep (Mallory's). Collagenous fibers of a tendon become em- 
bedded within the bone matrix, where they are called Sharpey 
fibers. 

Figure 5.18. Sharpey's Fibers, Phalanx, l.s., Decalcified, Fetus, 

Sheep (Mallory's). Same as Figure 5.17, but magnification has 
been increased to show the relationship between the bone matrix 
and the collagenous fibers of the tendon. 
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Figure 5.19. Distal Interphalangeal Joint, l.s.. Fetus, Horse. The 

mid-dorsal aspect of this developing synovial joint is shown. The 

oint capsule is composed of a fibrous portion and a well-vascu- 

arized, synovial membrane. The latter lines the joint cavity, except 
for the articulating surfaces. Synovial folds project into the cavity. 

fibrous portion of the capsul e is continuous with 

periosteum of the phalanges and blends dorsally with 

extensor tendon. The tendon is attached to the developing ex- 
tensor process of P 3 . Note that the phalanges have not yet begun 

a layer of hyaline cartilage will persist 
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lood is a special type of connective tissue composed of formed elements in a fluid 

matrix. Plasma is die fluid portion, called serum when depleted of fibrinogen. The 
formed elements include erythrocytes (red blood cells), leukocytes (white blood 

cells), and platelets (thrombocytes in birds). 

Blood cells and platelets are usually examined in stained biood smears (blood films). 
To make such a preparation, a drop of blood is spread thinly on a glass slide, dried, and 
stained with a Romanovsky-type stain such as Giemsa or Wright’s. One end of the film 
is usually much thinner than the other end. Details of cell morphology are more visible in 
the thin film, where the cells are more flattened and less crowded. Blood smears should 
be scanned with the high-dry objective. With practice, most cells can be differentiated at 



this ma 
detail. 




ion. Oi! immersion should be reserved for studying specific cells in more 



MAMMALS 



Mature erythrocytes are small, anucleate cells uniquely adapted to transport oxygen and 
carbon dioxide to and from tissues. They are acidophilic and acquire an orange to red 

color with Romanovsky stains. 

The average diameter of erythrocytes in a dried smear varies with the species. The ery- 
throcytes of the dog are largest (7.0 /cm), while those of the goat are the smallest (4. 1 /cm). 



Red blood cells from the same animal are all approximately the same size except in the 
cow, where variation in the size of the erythrocytes (anisocvtosis) is not unusual. In most 
species the cells are disc-shaped, although in young goats they may also be angulated. 

Central pallor, resulting from its biconcave shape, is best defined in the erythrocyte 
of the dog, but may be seen in other domestic mammals. Red blood cel s sometimes ad- 
here to each other, forming an arrangement resembling a stack of coins, called a rouleaux. 

This occurs commonly in the horse and cat. It is rare in ruminants. Crenated erythrocytes, 
characterized by pointed cell margins, are observed most often in pigs. 

Various factors influence the appearance of red (and white) blood cells. These include 

the freshness of the blood sample, the use of an anticoagulant, how quickly the smear was 
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dried, and the thickness of the smear. The occurrence of 
central pallor, rouleaux, and crenatiori varies not only with 
the species, but also with each smear and within different 
regions of the same smear. 

Leukocytes are basic cellular components of the im- 
mune system. They are nucleated cells that are larger and 
less numerous than erythrocytes. They are classified, de- 
pending on the presence or absence of specific cytoplasmic 
granules, as either granulocytes (neutrophils, eosinophils, 
and basophils) or agranulocytes (lymphocytes and mono- 
cytes). Leukocytes tend to accumulate along the edges of a 
blood smear, so that examples of them, although often dis- 
torted, can be found more readily in these regions. 

Lymphocytes are the predominant leukocytes in rumi- 
nants and pigs. I he cells range in size from 6 to 1 5 pm and 

are sometimes classified as small, medium, and large. Most 
of the lymphocytes in carnivores, horses, and pigs are 
small. Larger cells occur more often in ruminants. 

Small lymphocytes have a relatively large, dense, often 

eccentric nucleus that is round and may be slightly in- 
dented. In the cat the nucleus is sometimes deeply indented 
like a kidney. The nucleus tends to be oval in rhe pig. Some 
of the lymphocytes of ruminants are binucleate. 

Only a thin rim of cytoplasm may be visible in the 
small lymphocyte. The cytoplasm is basophilic and may 
show a lighter region (perinuclear halo) adjacent to the nu- 
cleus. At times, nonspecific azurophilic granules may be 
seen in the cytoplasm of both small and large lymphocytes. 

A large lymphocyte has a less dense nucleus and paler, 
more abundant cytoplasm than a small lymphocyte. The 
nucleus may be round, oval, or kidney-shaped. 

Monocytes are the largest of rhe leukocytes ( 15 to 20 

pm in diameter). The nuclear chromatin rends to be dif- 
fuse, appearing lacy or sometimes patchy. 1 he shape of the 
nucleus is highly variable and may be oval, irregular, kid- 
nev-shaped, or horseshoe-shaped. In the horse the nucleus 
is frequently kidney-shaped. In ruminants the nucleus may 
appear amoeboid and sometimes has a three-pronged con- 
figuration or is shaped like a cloverleaf. 

The cytoplasm is generally pale gray-blue and may 
contain dustlike, azurophilic granules. It often contains 
vacuoles that give it a foamy appearance. In ruminants the 
cytoplasm can be more basophilic and either granular or 
mottled in appearance. 

Neutrophils are the predominant leukocytes in the 
dug, cat, and horse. The dark -staining nucleus of the ma- 
ture cell contains very densely packed chromatin. Ir is long 
and narrow and may be monolobed or segmented. The nu- 
cleus is sometimes coiled, as it is in the cat and, more often, 
in the pig. When segmented, the lobes may be separated by 
slight indentations or thin strands of nucleoplasm. The nu- 
clear membrane may appear irregular or tattered from 
bulging clumps of chromatin. In rhe horse the chromatin is 
so heavily clumped that rhe nucleus appears very jagged. 

The pale gray cytoplasm of the neutrophil contains 
pink, dustlike, specific granules that may be difficult to re- 
solve with the light microscope. The granules are smallest 
in the dog, so that the cytoplasm appears nongranular and 
very faint. Granulation is most pronounced in the sheep 
and goat. In these animals larger, more darkly stained gran- 
ules occur among the finer pink granules. 



Band forms of the neutrophil (and other granulocytes) 
may be encountered in a smear of peripheral blood. The 
nucleus of these cells looks like a curved or U-shaped band. 
It can he distinguished from a mature, monolobed granu- 
locyte by the relatively smooth, rather than ragged, contour 
of the nucleus. Also, the chromatin is less condensed, and 

the nucleus appears paler and plumper than in the mature 
cell. 



The nucleus of the eosinophil, although similar to that 
of tiic neutrophil, tends to be less dense and have fewer 
lobes. In rhe pig the nucleus is commonly oval or kidney- 
shaped rather than segmented. C -shaped, monolobed nu- 
clei are common in ruminants. 

The cytoplasm of the eosinophil stains pale blue or 
gray. Specific granules stain various shades of orange, pink, 
or red with eosin. The granules of the eosinophil of the dog, 
unlike those of other domestic mammals, are highly vari- 
able in size and do not usually fill the cell. Occasionally, 
small, clear vacuoles also occur in the cytoplasm. In the cat 
the granules are rod-shaped. Large, round to oblong gran- 
ules are a striking feature of the eosinophil of the horse. 
They usually fill the cytoplasm and cause the cell mem- 
brane to bulge, so that the eosinophil resembles a rasp- 
berry. In rhe pig, sheep, and goat the granules are small, 
round to oval, and numerous, often distorting the cell 
membrane. In cows the granules are round and intensely 
stained. 



Only a small percentage (0.5 to 3%) ol the leukocytes 
of domestic mammals are basophils. Hence, they are not 
often found in blood smears. I he basophil nucleus may be 
irregular, bilobed, or highly segmented. The granules of ba- 
sophils vary in size, number, and staining intensity. They 
are often fairly large, round to oval, and stain reddish pur- 
ple to dark purple. The granules are a dumbbell or coccoid 
shape in the pig. The basophil of the cat is much different 
from that of the other domestic mammals. The granules are 
small and not deeply stained. They are dull gray to laven- 
der in a lavender cytoplasm. 

Because the nuclei of the granulocytes exhibit many 

forms, the cells are also called polymorphonuclear leuko- 
cytes (polymorphs, I’MNs). These terms, however 
sometimes used specifically as synonyms for the neutrophil. 

Platelets play an important role in hemostasis. Al- 
though also referred to as thrombocytes, they are not cells. 
They are membrane-bound fragments of cytoplasm from 
large cells called megakaryocytes, found in the bone mar- 
row and sometimes the lymph nodes and spleen. Platelets 
are small and pale blue, and they have purple central gran- 
ules in stained smears. They occur singly or in clusters in 
smears of peripheral blood. 



are 



CHICKEN 



Mature erythrocytes of the chicken are very different from 
those of domestic mammals. They are large, elongated, flat 
cells with an oval nucleus. In dried blood smears from 

White Leghorn chickens, they range from approximately 9 
to 12 juin long and 6 to 8 p m wide. Their size varies with 
the breed and the sex of the bird. The nucleus contains 
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small, uniformly distributed clumps of chromatin. The cy- 
toplasm stains a pale orange to pink color. 

Thrombocytes are nucleated cells, related in function 
to the platelets of mammals. They are smaller and less elon- 
gated than erythrocytes and have a larger, more round nu- 
cleus. The pale, dull blue cytoplasm is characterized by one 
or more small magenta granules and vacuoles. 

Lymphocv tes are the most numerous of the leukocytes 
in the chicken. I "heir size varies from small to large, as in 
mammals. The cytoplasm is slightly basophilic and may ap- 
pear granular or homogeneous. The nucleus is round, 
sometimes slightly indented, and usually centrally located. 
The chromatin occurs in coarse clumps, except in the larger 
lymphocytes where it is finer. 

Monocytes are usually larger than lymphocytes, fhe 
nuclear chromatin tends to be more diffuse. Vacuoles are 
often seen in the cytoplasm. 



Heterophils are the most abundant of the granulo- 
cytes. Both heterophils and eosinophils have acidophilic, 
specific granules. The granules of the heterophil are rod- 
shaped or spindle-shaped. Their centers sometimes contain 
a distinctive, ruby red, spheric granule. During staining 

there may be partial or complete dissolution of the rods, 
leaving only the more stable, central granule, fhe granules 
of the eosinophil are round and pink. Its cytoplasm is pale 
blue, in contrast to the clear cytoplasm of the heterophil. In 
both of these granulocytes the nucleus is polymorphic. In 
the eosinophil the nucleus generally has fewer lobes and 
also exhibits dense blocks of chromatin clearly separated 
by lighter areas. This contrasts with the less distinctly 
clumped chromatin of the heterophil. 

i he basophils of the chicken are much more numerous 
than in mammals. Their specific granules are deeply ba- 
sophilic, and the nucleus is usually unlobed and pale. 
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Figure 6.1. Blood Cells in Section, Artery, Cat. Biconcave, disc- 
shaped red blood cells, leukocytes, and plasma (pale pink) are 
within the lumen of an artery. 

Figure 6.2. Blood, Dog (Giemso). The cytoplasm of the monocyte 
is, typically, vacuolated. The nucleus is frequently oval or U- 
shaped. Central pallor of the erythrocytes in this preparation is ev- 
ident. 

Fig ure 6.3. Blood, Dog (Giemsa). The cytoplasm of the small lym- 
phocyte is very sparse and the nuclear chromatin is condensed. 
The mature neutrophil has a polymorphic nucleus. The pale cyto- 
plasm, barely discernible, is a characteristic of the neutrophil of 

th e dog . 

Figure 6.4. Blood, Dog (Giemsa). The basophil has a polymor- 
phic nucleus and coarse granules of various sizes. 

Figure 6.5. Blood, Dog (Giemso). In the eosinophil of the dog, the 
granules vary in size and number. Vacuoles occur in the cyto- 
plasm. The eosinophil on the right is partially smudged. 
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Figure 6.4 
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Figure 6.10 
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Figure 6.6. Blood, Cat {Giemsa). Eosinophil, neutrophil, lympho- 
cyte, and monocyte. 

Figure 6.7. Blood, Cat (Giemsa). Two monocytes. Red cells are 
stacked in rouleaux. 

Figure 6.8. Buffy Coat, Cat (Giemsa). Two eosinophils, one neu- 
trophil, one basophil, and platelets are visible. Eosinophils of the 
cat have pink, rod-shaped granules. The cytoplasm of the basophil 
contains numerous, small, round, lavender granules that 
tightly packed and may be difficult to resolve. Distinct red granules 
are scattered among the lavender granules. 



Figure 6.7 



Figure 6.9. Blood, Horse (Giemsa). Eosinophil, monocyte, neu- 
trophil, and lymphocyte are visible. In the neutrophil of the horse, 
the nucleus often appears very jagged. 

Figure 6.10. Blood, Horse (Giemsa). A typical monocyte with 

pale cytoplasm and linearly arranged chromatin. 
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Figure 6.9 
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Figure 6.15 



x 781 



KEY 



1 . Basophil 

2. Basophil granules 

3. Eosinophil 

4. Erythrocyte, crenated 

5. Lymphocyte, large 



6. Lymphocyte, small 

7. Monocyte 

8. Neutrophil 

9. Platelet 

1 0. Smudged cell 



Figure 6.11 . Blood, Horse (Giemsa). The eosinophil of the horse 
has characteristic, large, round granules. The surface of the cell 
appears bumpy where granules are pressed against the plasma 
membrane, giving the cell a raspberry-like appearance. Note the 
rouleaux, which are common in the horse. 
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Figure 6.12. Buffy Coal, Horse (Giemsa). Basophil and neu- 
trophil. Granules of the basophil are purple and vary in size and 
shape. 

Figure 6.13. Blood, Pig (Giemsa). Two large lymphocytes and a 
monocyte. 



Figure 6. 1 2 
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Figure 6.14. Blood, Pig (Giemsa). Two lymphocytes, one neu- 
trophil, and two eosinophils. The eosinophil of the pig contains nu- 
merous pink, round granules that fill the cytoplasm completely. The 
nucleus of the eosinophil is not highly segmented. It varies from 

oval to kidney-shaped. Note the coiled appearance of the nucleus 
of the neutrophil, a common feature in pigs and cats. Crenated red 
blood cells are commonly seen in blood smears from the pig. 
Rouleaux are also evident in this field. 



(Giemsa). Eosinophil, basophil, and 
es of the basophil of the pig are du mb- 
or coccoid in shape. Some of the granules have been 
squeezed from the basophil in this preparation. 



Figure 6.15, Blood, Pia 

smudged cell. The granuk 
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Figure 6.20 



x 781 



KEY 



1 . Eosinophil 

2. Lymphocyte, lorge 

3. Lymphocyte, medium 



4. Monocyte 

5. Neutrophil 






5 



Figure 6.16. Blood, Cow (Giemsa). Medium lymphocyte and 

monocyte. The cytoplasm or the monocyte is darker and more 
granular than that or the lymphocyte. 
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Figure 6.17. Blood, Cow (Giemsa). Large lymphocyte and neu- 
trophil. Large lymphocytes of the cow often snow a deeply in- 
dented nucleus. Their cytoplasm is granular and vacuolated. 

Figure 6.18. Blood, Cow (Giemsa). The red 

eosinophil are small, round, and intensely staine 
nucleus may be lobed, but is usually 0-snaped. 

Figure 6.19. Blood, Sheep (Giemsa). The nucleus of the mono- 
cytes of ruminants may be oval, indented, or tri lobed. The cyto- 
plasm is gray-blue and vacuolated and may contain granules 

Figure 6.20. Blood, Sheep (Giemsa). Monocyte with tri lobed nu- 
cleus. Compare with Figure 6.1 9. Our observations have revealed 
that some monocytes with trilobed nuclei occur in cows and goats 
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Figure 6.21. Blood, Sheep (Giemsa). Lymphocyte 

azurophilic granules. 

Figure 6.22. Blood, Sheep (Giemsa). Lymphocyte and neutrophil. 

The cytoplasm of the neutrophil of sheep and goats contains nu- 
merous small and a few large, pink granules, A perinuclear halo 
is commonly seen around the periphery of the nucleus of lympho- 
cytes. 

Figure 6.23. Blood, Sheep (Giemsa). The eosinophil of the sheep 

contains pink, densely packed, oval granules that are uniform in 

size. 

Figure 6.24. Blood, Goat (Giemsa). A lymphocyte and 
trophil. The chromatin of the lymphocyte is in the form of closely 
apposed clumps. Granules are evident in the cytoplasm of the 
trophil. 

Figure 6.25. Buffy Coat, Goat (Giemsa). Some lymphocytes of 

the cow, sheep, and goat are binucleate. 
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Figure 6.26. Ruffy Coat, Goat [Giem sa) . Lymphocyte, monocyte, 
and neutrophil. The cytoplasm of the monocyte is blue and con- 
tains vacuoles that are often seen in clusters. 



Figure 6.27. Buffy Coat. Goat (Giemsa). The small, round, 
dophilic granules of the eosinophil of the goat almost fill 

plasm. 

Figure 6.28. Blood Cells in Section, Chicken. Elongated, nucle- 
ated red blood cells and a few granulocytes are shown rn the lu- 
men of a blood vessel. 

Figure 6.29. Blood, Chicken .Wright-Giemsa). Erythrocytes, 
leukocytes, and thrombocytes. 

Figure 6.30. Blood, Chicken (Wright-Giemsa). An oval, coarsely 

granular nucleus and a vacuolated cytoplasm with one or more 
magenta granules characterize the thrombocyte. 
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Figure 6.31. Blood, Chicken (Wright-Giemsa). Eosinophil, two 
lymphocytes, and a heterophil. The heterophil has numerous rod- 

i of these i 



shaped granules. Some 
granule at the center. The nuclear chromatin is coarse and densely 
packed. In contrast, the eosinophil has fewer, round, pink gran- 
ules in a pale blue cytoplasm. The nuclear chromatin is blocklike, 

the blocks being distinctly separated from each other. 

Figure 6.32. Blood, Chicken (Wright-Giemsa). Monocyte and 

heterophil. Many of the rod-shaped granules of the heterophil 
have a ruby red, spheric granule at their center. This is a common 
characteristic of trie heterophil. The monocyte has a pale, ba- 
sophilic, and vacuolated cytoplasm. 

Figure 6.33. Blood, Chicken (Wright-Giemsa). Basophil, mono- 
cyte, and immature erythrocyte. The basophil is characterized by 
large numbers of medium-size basophilic granules. Unlike other 
granulocytes, the nucleus of this cell is usually unlobed. The cyto- 
plasm of the immature erythrocyte is more basophilic and the nu- 
cleus is less condensed than in a mature erythrocyte. 

Figure 6.34. Blood, Chicken {Wright-Giemsa). Eosinophil and 

smudged heterophil. The rod-shaped granules of the heterophil 
and the round granules of the eosinophil are clearly visible in this 
preparation. 



may show a ruby-red, spheric 
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MAMMALS 



cd bone marrow is highly cellular and is specialized to produce blood cells and 
platelets. Along with the spleen and liver, it plays a role in hematopoiesis during 

prenatal development. At the time of birth it is the principal source of blood cells 
and is found throughout the entire skeleton of the animal. In the adult, red marrow is 
mostly limited to the sternum, ribs, vertebrae, skull, ilia, and the ends of long bones. Yel- 
low marrow, rich in adipose tissue, occupies the remainder of the skeleton of an adult. 

Red marrow consists of extra vase u 1 ar hematopoietic tissue and vascular sinusoids. 
The hematopoietic tissue is rich in blood cells in various stages of formation. It also con- 
tains cells ot the connective tissue and is supported by a reticular meshwork, Pluri potent 
stem cells provide a source of unipotent stem cells committed to the formation of either 
erythrocytes, granulocytes, agranulocytes 
(early) cells of the hone marrow are relatively large, and they have a euchromatic nucleus 
with nucleoli. As they divide and mature, the cells become smaller, the nucleus becomes 
more heterochroma tic, and the nucleoli disappear. Older cells predominate over the im- 
mature forms. 

The progression of cell stages, from the morphologically indistinct stem cell to a spe- 
cific mature blood cell, comprises a cell series (cell line). Most of the cells seen in prepa- 
rations of the hone marrow belong to either the erythroid or granulocytic (myeloid) se- 
ries. The cells of these series are presented in this chapter. 

The proerythrocyte (rubriblast, proerythroblast) is a large, round cell with 
sophilic cytoplasm. The nucleus is large, with finely granular chromatin and a few nucle- 
oli. This cell undergoes several divisions, giving rise to basophilic erythroblasts (prorubri- 
evtes). These cells are round with round nuclei. They are the earliest cells of the erythroid 
series that can be readily identified in smears. The basophilic ervthroblast is somewhat 
smaller than its precursor and has a deeply basophilic cytoplasm. The nuclear chromatin 
is more coarsely clumped, and no nucleoli are visible. Basophilic erythroblasts give rise to 



megakaryocytes. Generally, immature 
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metamyelocytes when the nucleus becomes indented and 

more condensed. With further modification the nucleus be- 
comes more elongated in the band-cell stage before eventu- 
ally assuming the shape found in the mature granulocyte. 

Megakaryocytes are situated in the extra vascular com- 
partment, close to sinusoids, into which they release 
platelets. They are very large cells with a polymorphic nu- 
cleus and a grainy cytoplasm, and they are often seen in 
preparations of the bone marrow together with a variety of 
other cells such as plasma cells, adipocytes, and cells in mi- 
tosis. Osteoblasts and osteoclasts, which are closely associ- 
ated with the surface of the bone lining the marrow cavity, 
may also be encountered in smear preparations of marrow. 



polychromatophilic erythroblasts (rubricytes), which are 
smaller cells. The chromatin is more condensed, appearing 
as blocks separated by light streaks, similar to the chro- 
matin of a plasma cell. The cytoplasm is mottled with pink 
and blue areas. As hemoglobin synthesis continues and ri- 
bosomes diminish, the cytoplasm becomes more pink and 
less blue. Mitotic division usually ceases in the late poly- 
chromatophilic ervrhroblast stage. Orthochromatophilic 
erythroblasts (normoblasts, metarubricytes) are character- 
ized by a round, highly condensed, and deeply stained nu- 
cleus. Their cytoplasm is distinctly eosinophilic, but may 
show slight tinges of blue. Eventually, the nucleus is ex- 
truded, leaving an anucleate reticulocyte that matures into 
an erythrocyte. 

Myeloblasts are large granulocytic cells with a grainy, 
basophilic cytoplasm. The round to oval nucleus contains 
finely dispersed chromatin. Nucleoli may be present. These 
cells give rise to the promyelocyte, the earliest stage in the 
development of a granulocyte that can be readily distin- 
guished in smears. This cell contains a relatively large nu- 
cleus with nucleoli and chromatin that is beginning to 
clump. The cytoplasm contains nonspecific azurophilic 
(magenta) granules. Promyelocytes divide and give rise to 
myelocytes. The myelocyte is smaller and has an oval, of- 
ten eccentric, nucleus with more condensed chromatin. 
Specific granules, characteristic of neutrophils, eosinophils, 
or basophils, are apparent in the cytoplasm. Late myelo- 
cytes lose the capacity to divide. They are known as 



CHICKEN 



The organization of bone marrow of the chicken is differ- 
ent from that of mammals. Erythropoiesis takes place 

within the vascular sinusoids, rather than in the extra vas- 
cular tissue. The immature red blood cells (large cells with 
a basophilic cytoplasm) are found adjacent to the endothe- 
lium of a sinusoid. As division and maturation of these cells 
progress, the older ones move inward. Thus, mature ery- 
throcytes (with an eosinophilic cytoplasm) accumulate in 
the center of the vessel. As in mammals, cells of the granu- 
locytic series (heterophils, eosinophils, and basophils) de- 
velop in the extravascular spaces of the marrow. 
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Figure 7.5 
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5. Eosinophilic myelocyte 

6. Erythrocyte 

7. Erythroid cell, late 

8. Granulocytic cell, early 



1 3. Osteoblast 

1 4. Osteoclast 

1 5 . Plasma cell 
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Figure 7.1. Megakaryocyte, Bone Marrow, Cat (Giemsa). The 
megakaryocyte is a large cell with 

grainy cytoplasm. Blooa platelets are 

the cytoplasm. Forces generated during the formation of the smear 
appear to have separated a segment of the nucleus. 

Figure 7.2. Osteoclast, Bone Marrow, Cat (Giemsa). The osteo- 
clast is a large, multinudeate cell formed from fused 

macrophages. Azurophilic bone debris can be seen in the cyto- 
plasm of this specimen. 
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Figure 7.3. Osteoblasts, Bone Marrow, Cat (Giemsa). Os- 
teoblasts are characterized by the presence of an eccentric nu- 
cleus and basophilic cytoplasm. A perinuclear clear zone, repre- 
senting the site of the Golgi apparatus, may be visible. In smears 
these cells often occur in clusters. 



Figure 7.4, Bone Marrow, Cat (Giemsa). A variety of different 

ills of the bone marrow can be identified at this magnification. 

Figure 7.5. Bone Marrow, Cat (Giemsa). Basophilic and 

eosinophilic myelocytes are represented in this field* 
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Figure 7,6 



Figure 7.10 
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2. Basophilic erythroblast 
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Figure 7.6. Bone Marrow, Cat (Wright-Giemsa). A basopht ic 
myelocyte, segmented eosinophi I, and polychromatophilic ery- 
throblast are evident. 

Figure 7.7. Bone Marrow, Cat (Wright-Giemsa). Various 

myeloid developmental stages are 

Figure 7.8. Bone Marrow, Cat (Wright-Giemsa). Various ery- 

throid developmental stages are shown in th is field. 

Figure 7.9. Bone Marrow, Cat (Wright-Giemsa). The largest cell 

seen in this field is a promyelocyte. Note the presence of numer- 
ous magenta, azurophilic granules in its cytoplasm. 
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Figure 7.10. Bone Marrow, Plastic Section, Chicken (Giemsa). 

throcytes are shown. In 
ils and eosinophils can 



Intravascular developmental stages of er 
the extrovascuiar compartment, heterop 
be distinguished. 



COLOR ATLAS OF VETER NARY H STOLOGY 














■ ■ ■ » 



■■U 










































unique characteristic of muscle cells is the presence of a substructure of myofila- 
ments that provides them with the ability to contract. Although the arrangement 
of the myofilaments in cells of smooth muscle differs from that of cells of skeletal 
and cardiac muscle, the contraction process is the same. This process occurs when the fil- 
aments slide past one another resulting in a shortening of the cell. 

Smooth muscle is involuntary. Its cells are long and tapered and have an elongated 
nucleus located about midway between the ends of each cell. Smooth muscle consists of 
groups of these cells bound together by connective tissue fibers. Students often encounter 
difficulty in distinguishing smooth muscle from the surrounding connective tissue. It is 
helpful to know that smooth muscle presents an overall dull, pink appearance in hema- 
toxylin and eosin preparations, while fibers of the connective tissue are considerably more 
refractile and appear bright pink and shiny by comparison. 

Smooth muscle is found in a variety of places, for example, throughout the digestive 
tract, in blood vessels, in the urinary bladder, in the capsules of some organs, and in 
bronchi. 


















Skeletal muscle is striated and voluntary. Cells are multi nucleated and may be 3 or 4 
cm long. Cross-striations result from the precise registration of the A, I, H, and M hands 
of the sarcomeres of the myofibrils. Nuclei are located peripherally, immediately below 
the sarcolemma. Individual cells are grouped into fascicles. Each fascicle, in turn, is sur- 
rounded by a perimysium of loose connective tissue. Each cell within a fascicle is closely 
invested by delicate reticular fibers, the endomysium. Groups of fascicles are bound to- 
gether by a sheath of dense connective tissue, the epimysium. Collagenous fibers of ten- 
dons insert into invaginations at the ends of the muscle cell, anchoring the tendon to an 
external lamina, which is adherent to the Sarcolemma. 

Cardiac muscle is striated and involuntary. It forms the myocardium of the heart and 
occurs in the walls of the major vessels carrying blood to and from the heart, including 
the aorta, pulmonary artery, pulmonary vein, and vena cava. A single, centrally located 
nucleus occurs in most cells. Occasionally, however, a cell with two nuclei may be seen. 
The cell’s cross-striations result from the precise registration of sarcomeric bands as in 
skeletal muscle. Unlike cells of skeletal or smooth muscle, cells of cardiac muscle branch 
and anastomose with one another. Special cell-surface modifications called intercalated 

cells of cardiac muscle together end to end. 

Some cells of cardiac muscle are modified and function as a conducting system that 
helps to coordinate the heart beat. These modified cells are the functional elements of the 
sinoatrial node, atrioventricular node 
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Figure 8.4 
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Figure 8.1 . Smooth Muscle, x.s. and l.s 
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gated nucleus. This is apparent in cells that have been sectioned 

uy. Cross sections of smooth-muscle cells vary in diam- 
eter, depending on where they were transected along their length. 
If the ceil was transected through its middle region, the nucleus is 
visible and appears round. If the cut was closer to the tapered ex- 
tremity of the cell, no nucleus is evident and the cell has a smaller 
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Figure 8.2 
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Figure 8.2. Smooth Muscle, x.s. and l.s., Urinary Bladder, Pig. 

The tapered form of the smooth-muscle cell is evident. 

Figure 8.3. Skeletal Muscle, x.s. and l.s.. Tongue, Horse. Cells 

skeletal muscle are large and possess numerous, peripheral nu- 
clei. Cross-striations are evident in cells cut longitudinally. 

Figure 8.4. Skeletal Muscle and Tendon, oblique cut. Tongue, 

Horse. The collagenous fibers of a tendon can be seen blending 

with skeletal-muscle cells. 
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Figure 8.3 
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Figure 8.5 
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Figure 8.5. Skeletal Muscle, 1.$., Lip, Dog (Masson's). Portions of 

two muscle cells showing individual myofibrils and cross-stria- 

tions. 
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Figure 8.6 



Figure 8.9 
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6. Muscle cell, nucleus 

7. Muscle cell, x.s. 
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x.s., Tongue, Horse. Transected my- 
seen with in each cell. 

Figure 8.7. Cardiac Muscle, l.s., Heart, Cat. Bifurcations in the 

cardiac-muscle cells are visible. 

Figure 8.8. Cardiac Muscle, l.s.. Cat. Cross-striations and inter- 
Jlated discs are apparent in this preparation. 

Figure 8.9. Cardiac Muscle, x.s.. Pig. Note the centrally located 

nuclei of the muscle cell. 



Figure 8.6. Skeletal Muscle 
fibrils can be clearly 
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can hardly examine a histologic preparation of any sort without finding sonic 
evidence of nervous tissue, for example, sections through myelinated or unmyeli- 
nated nerves, isolated neurons, encapsulated nerve endings, or perhaps a nerve 

The nervous system consists of neurons of various sizes and kinds, including their 
supporting elements, and is basically similar in all domestic animals. In the central ner- 
vous system there is a structural framework provided by neuroglia cells and their pro- 
cesses. Additionally, meninges, formed of connective tissue, surround the brain and spinal 
cord providing support and protection. In the peripheral nervous system, neuroglia cells 
are lacking and the system’s various components are supported by connective tissue and 

pie, axons and bundles of axons of peripheral nerves are fastened 
together by both loose and dense irregular connective tissue and the processes of neurons 

are supported by Schwann cells. 

Selected examples of nervous system elements as they typically appear in histologic 
preparations of various kinds are presented. Additionally, sections through portions of 
the brain, brain stem, and spinal cord have been included. The organs of special sense 
eye and ear, are treated in separate chapters. 
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Figure 9.1 
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Figure 9.1. Cerebellum, Sheep. The molecular and granular lay 
ers of the gray matter and Purkinje cells are shown. The white mat 
ter lies deep to the gray matter 

Figure 9.2. Cerebellum, Sheep. Portions of the dendritic tree of 
the multipolar Purkinje 

Figure 9.3. Cerebral Cortex, Dog. Outer portion of cerebral cor- 
tex with numerous blood vessels. 

Figure 9.4. Cerebral Cortex, Pyramidal Cells, Dog. Magnified 

view of cells of the 

Figure 9.5. Dura Mater, Goat. The dura remains attached to the 

skull when the latter is separated from the brain. It is a dense fi- 
broelastic layer lined by a mesothelium. The dura merges with the 
periosteum of the skull. 
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Figure 9.2 
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Figure 9.3 
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Figure 9.6. Meninges, Cerebellum, Sheep (Mallory's). 
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Figure 9.7. Cerebellum, Dog. Portion of a sulcus containing 

venule. The perivascular space surrounding the vessel is continu- 

with the subarachnoid space and separates the vessel from the 
pia mater on either side 

Figure 9.8. Choroid Plexus, Cat (Cresyl Violet). Portion of the 

fourth ventricle with choroid plexus in the roof of the medulla. 

Figure 9.9. Choroid Plexus, Dog. The simple cuboidal epithelium 

and large, thin-walled capillaries are major constituents of the villi 
of the 

Figure 9.10. Brain Sand, Hypothalamus, Dog. Calcified, granu- 
lar material called brain sand can be found dispersed through 

parts of the brain, including the hypothalamus, cerebel- 
d pineal gland. 
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Figure 9.11. Fibrous Astrocytes, Medulla, Cat (Golgi). These 

neuroglia cells have long processes that show little or no branch- 
ing. 
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2. Gray matter, ventral horn 



4. White matter 



Figure 9.12. Spinal Cord, Cervical, x.s 
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1 . Adipose tissue 

2. Epineurium 

3. Muscularis externa, inner circular 

4. Muscularis externa, outer longitudinal 

5. Muscularis mucosae 

6. Nerve 

7. Nerve fiber 



8. Neuron cell body 

9. Nissl granules 

10. Perineurium 

1 1 . Plexus 
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Figure 9.17. Dorsal Root Ganglion, Dog (Luxol Fast Blue/Cre- 

rlecht Violet). Flattened satellite cells envelop the round neuron 

cell bodies of the unipolar neurons. (Photograph of a histologic 
section borrowed from the College of Veterinary Medicine, Iowa 
State University.) 

Figure 9.18. I 
Dog. A ganglion 

the artery. 

Figure 9.19. Meissner's Plexus, Esophagus, x.s.. Pig. These 

parasympathetic plexuses are located in the submucosa of the di- 
estive tract. Note the characteristic large "owl's eye" nucleus of 
|e neurons. 

Figure 9.20. Auerbach's Plexus, Jejunum, l.s., Dog. These 

parasympathetic plexuses are located between the inner circular 
and outer longitudinal layers of the muscularis externa of the di- 
gestive tract. 

Figure 9.21. Nerve, Myelinated, x.s., Pig (Masson's). The nerve 
shown is composed of many fascicles bounded by a connective tis- 
sue sheath, the epineurium. Each fascicle is surrounded by a per- 
ineurium and contains numerous axons 



sy 



Figure 9.18 
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Figure 9,20 
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Figure 9.22. Nerve Fascicle (portion of). Myelinated, x.s.. Pig 
[Masson's). Delicate connective tissue fibers of the endoneurium 
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Figure 9.23 
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Figure 9,26 



5. Nerve fibers, l.s. 

6. Nerve fibers, x.s. 

7. Perineurium 

8. Schwann cell, nucleus 



1 . Axon 

2. Blood vessel 

3. Groove in plasma membrane 
of Schwann 



4. 
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e 



Figure 9.23. Nerve, Myelinated, Thoracic Wall, Cat. Myelin 

sheaths (pink) often present a scalloped or vacuolated appear- 
ance, an artifact of processing. Axons in this preparation are 

;d and either blue-gray or purple. 

Figure 9.24. Axons, Myelinated, Medulla, Horse (Hagguist). 

Axons (blue) with myelin sheaths (pink) are seen in 
sections and cross sections. 

Figure 9.25. Nerve Fascicles, Unmyelinated, Ureter, Pig. Note 

the wavy appearance of the fibers that have been cut longitudi- 
nally. See Figure 9.26 for comment on relationship of axons to 
Schwann cells. 
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Figure 9.26. Nerve Fascicle (portion of), Unmyelinated, Left 

Ventricle, Pig. Each Schwann cell enwraps several unmyelinated 
axons within grooves (which appear as vesicles in cross section) of 
its plasma membrane. Axons can be seen fillina some of the 
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Figure 9.31 
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Figure 9.27. Pacinian Corpuscle, whole mount, Mesentery, Cat 

(Carmine), Two corpuscles (one on the right somewhat distorted) 
are shown. Each is surrounded by a capsule of connective tissue 

within which are located concentric laminae of flattened cells that 
form the core. A nerve ending courses through the center of the 
corpuscle. The closely packed inner core cells surround the nerve. 
The peripheral laminae form a looser, outer core. 

Figure 9.28. Pacinian Corpuscle, x.s., Pancreas, Cat. The 

pacinian corpuscle is frequently seen in the pancreas of carni- 
vores. See Figure 9.27 for description. 

Figure 9.29. Small Encapsulated Nerve Endings, Dermis 

Planum, Cow. Numerous encapsulated sensory nerve endings 
cur in the dermis of the planum near the epithelium. 

Figure 9.30. Neuromuscular Spindle 

A neuromuscular spindle is a proprioceptor located within 
cle. It consists of sensory and motor nerve endings and intrafusal 
fibers, which are narrow, modified skeletal muscle 
chain fibers are intrafusal fibers with a single row of nuclei, while 
nuclear bag fibers are intrafusal fibers that contain many closely 
packed nuclei. A capsule encloses the fluid-filled space that sur- 
rounds the intrafusal fibers. 

Figure 9.31. Glycogen Body, Lumbosacral Enlargement, Spinal 

Chicken. The glycogen body is found only in birds. It 

consists of polyhedral, vesicular cells, each containing a central 
mass of glycogen and a peripherally displaced 
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Figure 9.28 
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Figure 9.29 
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Figure 9,30 
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Figure 9.32 



Figure 9.36 
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Figure 9.32. Glycogen Body, Lumbosacral Enlargement, Spinal 

x.s., Chicken. Cells of the glycogen body in detail. See Fig- 
ure 9.31 for description. 

Figure 9.33. Dorsal Root Ganglion, Lumbosacral Enlargement, 

Spinal Cord,x.s., Chicken. Portions of the spinal cord, ventral root 

r a spinal nerve, dorsal root ganglion, and vertebra. 

Figure 9.34. Dorsal Root Ganglion, Lumbosacral Enlargement, 

Spinal Cord, x.s., Chicken. Neuron cell bodies of unipolt 
rons and myelinated axons are 

Figure 9.35. Herbst Corpuscle, Upper Beok, x.s.. Chicken. These 

encapsulated nerve endinqs occur frequently in the skin of the 
bird. They are similar to pacinian corpuscles of mammals and 

consist of an outer capsule of connective tissue, a laminated core, 
and an axial sensory nen/e ending. 

Figure 9.36. Herbst Corpuscle, Skin, Neck, Chicken. The Herbst 

corpuscles associated wit 

shaped. 
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he heart pumps blood and conveys it to the tissues and organs through blood ves- 
sels. Fluid that escapes from the blood is returned to the venous system by lym- 
phatic vessels. 

Vessels of the cardiovascular system are lined by an endothelium, which is, typically, 
single layer of squamous cells. The smallest of the blood vessels, capillaries, are tiny en- 
dothelial tubes. They are easily overlooked in histologic sections, especially if they are 
compressed or collapsed. 



a 



arranged into concentric layers: the inner tunica 
intima, middle tunica media, and outer tunica adventitia. The composition and thickness 
of these layers vary with the size and type of vessel. The tunica media is not always pre- 



Tbe walls of arteries and veins are 



sent. 



Small arteries can be defined, arbitrarily, as possessing up to eight or nine layers of 
smooth muscle cells in the tunica media. The smallest of these vessels is usually termed an 
arteriole. Its wall is composed of an endothelium (tunica intima), one or two layers of cir- 
cularly arranged smooth muscle cells (tunica media), and a bit of surrounding loose con- 
nective tissue (tunica adventitia). Some of the larger small arteries have an internal elastic 
membrane. Small arteries are accompanied by small veins. The smallest veins are called 
venules. These are similar to arterioles, but have relatively thin walls and lack a tunica me- 
dia of smooth muscle. An internal elastic membrane is not found in small veins. 

As the diameter of a vessel increases, the tunics become larger and more elaborate. 
For example, the tunica intima of a medium artery contains connective tissue interspersed 
between the endothelium and internal elastic membrane. The thick tunica media, with 
varying proportions of smooth muscle and elastic fibers, comprises the bulk of the wall. 
The connective tissue of the tunica adventitia contains collagenous and elastic fibers, 
small blood vessels (vasa vasorum), and nerves. A medium vein, in contrast, has less 
smooth muscle and fewer elastic fibers in the tunica media and possesses a thicker tunica 
adventitia. 

Arteries ordinarily appear round in cross section and have an obvious, rippled, inter- 
nal elastic membrane. Conversely, accompanying veins are larger in diameter with an ir- 
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regular or collapsed lumen and rhinner walls, and, except 
for some of the largest, they have no internal elastic mem- 
brane. The lumens of blood vessels in tissue sections often 
contain blood cells, plasma, or both. Although it can be dif- 
ficult to distinguish between veins and lymphatic vessels, 
the latter have thinner walls than veins of similar size and 
normally do not contain erythrocytes. Valves may occur in 
both veins and lymphatic vessels. 

There are several variations from the “typical” blood 
vessels: The tunica adventitia of large veins adjacent to the 
heart contains cardiac, rather than smooth, muscle. Some 
arteries have smooth muscle in the tunica intima, as well as 
the tunica media. Smooth muscle may be oriented either 
longitudinally or circularly. The tunica adventitia of arter- 
ies may be either abundant or scant. 

The arteries of arteriovenous anastomoses lack an in- 
ternal elastic membrane, but possess epithelioid (epithelial- 
like) longitudinally arranged smooth muscle cells. Special 
structures, the aortic and carotid bodies, are closely associ- 
ated with the tunica adventitia of their respective arteries. 



Many special vessels unique to certain organs such as 
the sinusoids of the liver, postcapillary venules of lymph 
nodes, and helicine arteries of the penis are presented else- 
where with their appropriate organ systems. 

The heart is a muscular organ whose wall is composed 
of an endocardium, myocardium, and epicardium. The 
thickness and composition of the wall vary, being thickest 
in the ventricles and thinnest in the atria. The middle layer 
of cardiac muscle, the myocardium, predominates. Valves 
of connective tissue covered by an endothelium, are exten- 
sions of the endocardium. Regions of the heart, including 
the base of the aorta and pulmonary trunk, as well as the 

atrioventricular orifices and septum, are supported by the 
cardiac skeleton. This cardiac skeleton may be in the form 
of dense irregular connective tissue, fibrocartilage, hyaline 
cartilage, or bone and varies with age and among individ- 
uals. 



A small amount of fluid occurs in the pericardial cav- 
ity between the epicardium (visceral pericardium) and the 

parietal pericardium. 
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Figure 10,5 
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Figure 10.1 
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9. Plasma cell 

10. Skeletal muscle cell, x.s. 

1 1 . Small artery, x.s. 

1 2. Small vein 

1 3. Smooth muscle cell, nucleus 

1 4. Uterine 

1 5. Venule 



1 . Arteriole, x.s. 



2. Capillary, l.s. 



3. Capillary 

4. Endothelial celi, nucleus 

5. Endothelial cell, surface cut 



, x.s. 



6 . 



rocytes 



7. Macrophage 

8. Mast cell 



re 10.1. Capillaries, x.s. and l.s., Diaphragm, Dog. Exten- 
sive capillary networks occur around muscle cells. 

Figure 10.2. Capillary 

Erythrocytes fill the lumen of this capillary. 

Figure 10.3. Arterioles and Venules, Eyelid, Pig. Small blood 

vessels of various sizes are present in the dermis. 

Figure 10,4. Arterioles, 

smallest of the arterioles shown have only 

in their walls. 

Figure 10.5. Venule, l.s., Connective Tissue, Epiglottis, Goat. The 

wall of the venule consists of an endothelium surrounded by a 
small amount of connective tissue. 
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Figure 10.2 
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Figure 10.3 
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Figure 10,6 
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8. Small vein, x.s. 

9. Sweat gland 



1. Arteriole 

2. Endothelial cell, nucleus 

3. Erythrocytes 

4. Internal elastic membrane 

5. Plasma 

6. Skeletal muscle 

7. Small artery, x.s. 
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Figure 10.6. Arterioles and Venule, l.s.. Submucosa, Esopha- 
gus, Cat. In the region where the arterioles have been cut tangen- 
tially, the circular arrangement of the smooth muscle of the tunica 
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Figure 10.7. Small Artery and Vein, x.s 

seTs are surrounded by portions of sweat glands in the dermis. 
Veins such as the one shown often have an irregular or collapsed 
lumen. 
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Figure 10.8. Small Artery, 



Esophagus, Pig 
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Figure 10.9. Small Vein with Valve, l.s., Nose, Sheep. Valves 

thin flaps of connective tissue covered on both sides by an en- 
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10.10. Small Artery, x.s 



with Branch, Subcutis, Dog. 
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Figure 10.8 
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Figure 10.11. Small Artery, Vein, and Nerve, x.s,. Pancreas, 

Cat. Note that both of the vessels have a sparse adventitia. 

Figure 10.12, Artery and Vein, x.s.. Wattle, Rooster. Note the 
especially thick tunica media of the artery. 

Figure 10.13. Medium Artery, 

pink color of the elastic fibers contrasts 
the collagenous fibers and smooth muscle. 

Figure 10.14. Medium Artery, 

Elastic fibers are stained reddish brown with orcein. 

Figure 1 0. 1 5. Medium Vein, l.s.. Lymph Node, Pig. This 
companied the artery in Figures 1 0.1 3 and 10. 1 4. 
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Figure 10.16 
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Figure 10.17. Medium Artery, x.s. 
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Figure 10,1 8. Renal Artery, Near Aorta, x.s.. Pig. Note both an 

and outer layer of smooth muscle in the tunica media. The 
inner layer is arranged longitudinally. 
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Dog. Note the bundles of longi- 
tudinally arranged smooth muscle in the tunica adventitia, a char- 



Figure 10.19. Portal Vein 



x.s 



/ 



*/ 



* 



veins. 



Figure 1 0.20. Vein with Valves, 



Lip, Pig. 



x.s 






* 



Figure 10.18 



x 62.5 






a 



r 






i 









i 















* 






. ^ 

• ■% 



*■ 



*■ 



j 



: 4 



/ 






t 



i 



iCP 









% .. 






* 



n 



* 



* 



•Jr 






i A 4 I 



■ 



» 


















* 









4 



. 



.■ 



Ml 






P 



I 



1 



» 



> 



' i * * * 









■ 






> 












ti * 


















R 



* 



\ 



V 






> 



“ I 









> 

^ M 11 

. i t 









\ “A, 






i 












* 






t, 



■» 






1 " 1 












:v 



u ' 









_ y : 



• • 



■ 



1 









1 r- 



1 









*11 






' *1 



■J 



* 



4 



7 ■ 












1 1 .- M 

* +« , ■ 



i 



: , 

k ( 

r * ^ v * * 



». 



* 



*• 












t 



i 






V - vv 

.w f • • 



4 












• f. 









W 



• 



ST3' 



V*'. 












4 









* " 



■/ 









St ” 

% - 



H 












c r 






■ 



.’l 



* 









■ 












• 4 



’ <■ 






* 



y 






i 









■ .■ 

> 



■>- 1 












x 62.5 



62 











* 






t 



\ 



iSM 



*1 



■ " 



/ 



V 



S ' 

mk ■> 



f 



* 



fj 









:/? 



-v . 



I* 






’a 









- 



■r r 1 



4 



* V 



4 

1. 



{ft 



1* 



H » 



. | 






V 






I 



,i f 



** 



‘ 



V, 



* 



.. 



1; 



1 * 






rj 



n, 



,4 



L 



r,i 



^ V* 



B 



- 



)■ 



I 



■i 






* 



■ ■■ 



m ► 



- 



(s' 

* * M 



■ r 



V 



■■ 



2 






t 



* 



1 



Hi: 



' 



Si 



* 



■ i L 



I 



* 



V 



t 






ri 






■» 






& 



u. 



I 



ffiti 



mfmjt 



IS 



' 






i 



i* 



f 



7 



' ±! 



a 



* 



l 



* 



f 



4 



JKi 



TJ 



4 



■*. 



lu 



*. 



m 



s 



r 



t 



i 



1 






.■* 



j 



% 









j 



■i 



l 



■ 



-V 






«• 



- 



■ 



* 



% 






. 



VM 



i H_ 






■ 1 . 



■s 



* 



rv 



r 



5 



. V 



1 



1 



4- 



■ *' Tti 
r.- p it 



V 






i' 



j 



i 



-fc ■ 



r 


















1 



r 



w 



1'1 



I 



3W 



! 



r 



Ci 



■ 



i 






■ 



n 



■ 



m 






4 



r 






l 



ft 



•* 



Vi 



Ok, 



+ 



i 






•. -■■ • ,, H »W Sit 






ll 



• 5 V 



»* 






I 



. ■ 



9U 



I”. 



tfliJ 









G 



v 



Figure 10.21 
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Figure 10.21. Umbilical Artery (Right) and Vein (Left), x.s 
Horse (Masson's). The tunica media of the umbilical artery is 

vein. 

Figure 1 0.22. Umbilical Artery, x.s., Horse (Masson's). The um- 
bilical artery lacks an internal elastic membrane. The innermost 
smooth muscle cells or 
like) and oriented longitudinally. 

Figure 10.23. Glomus, Nose, Pig. The highly convoluted anasto- 
motic artery, surrounding connective tissue, and nerves forming 

arteriovenous anastomosis can be seen. 

Figure 10.24. Arteriovenous Anastomosis, x.s., Lip, Pig. Longi- 
tudinally directed cells of smooth muscle of the tunica media : : 
characteristically epithelioid (epithelial-like) in an anastomotic 
artery. These arteries lack an internal elastic membrane and have 
a small lumen. 

Figure 10.25. Aorta (Left) and Pulmonary Artery (Right) 

Pig (Orcein). This preparation was stained with orcein 
elastic tissue (red-brown). 
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Figure 10.24 
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Figure 10.26. Aorta, x.s., Dog (Orcein). This specimen was 

orcein to emphasize elastic tissue frecf-Drowr^. 

Figure 10.27. Pulmonary Artery, x.s.. Sheep. Portion of the tu- 
nica intima and tunica media. 

oriented in various directions. Wavy, pink elastic fibers occur 
among the smooth muscle. 

Figure 10.28. Vena Cava, x.s., Dog. This section was taken from 
a region near the heart. The tunica adventitia consists largely of 
cardiac muscle 

Figure 10.29. Right Auricle, Pig (Orcein). The section was 

with orcein to show the distribution of elastic fibers (rec/-brownJ. 

Figure 10.30. Right Auricle, Pig (Mallory's). This preparation 

shows the distribution of smooth muscle in the endocardium. 
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Figure 10.31. Pulmonic (Semilunar) Valve, x.s., Dog. Pulmonic 

dves are located in the pulmonary artery near the heart. The sec- 

of tne fibrous cardiac skeleton. 
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Figure 10.32. Pulmonic (Semilunar) Valve, x.s.. Dog (Masson's). 

Portions of two adjacent pulmonic valves are visible. The connec- 
tive tissue of the valves and the tunica media of the pulmonary 
artery blend with the fibrous cardiac skeleton. A cushion of mes- 
enchyme-like connective tissue lies adjacent to the cardiac skele- 
ton. 
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Figure 10.33. Pulmonic (Semilunar) Valve, x.s. 

consists of a core or dense irregular connective tissue sandwiched 
between two layers of endotheTi 
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Figure 1 0.34. Pulmonic (Semilunar) Valve, x.s., Doa. A portion 

f the atrial waif, pulmonary artery, aorta, and cardrac skeleton 

(cartilaginous and fibrous) are visibl 
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Figure 10.35. Cardiac Skeleton, Dog. The cartilaginous portion 

rthe cardiac skeleton of the dog ts formed from fibrocartilage 
containing numerous scattered chondrocytes. 

Figure 1 0.36. Purkinje Cells, x.s. and l.s., Left Ventricle, Goat. 

Myofibrils are I imited to the periphery of these large, modified 
cardiac muscle cells. 

Figure 10.37. Visceral and Parietal Pericardium, Cat. The 

cardium consists of a mesothelium (simple squamous epithelium) 

nd underlying connective tissue. The mesothelium of the visceral 
pericardium (epicardium) covers the surface of the heart. The re- 
mainder of the pericardial cavity is lined by the mesothelium of the 
parietal pericardium. 
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Figure 1 0.38. Aortic Body, Pig. The aortic body is located be- 
ts a small, encapsulated 
nerves, and two types of 



ngure i u.oo. xorric ooay, rig. me aor 
tween the pulmonary artery ana aorta. It t 

structure containing blood 
parenchyma cells (see Fig. 10.39) 
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ure 10.39. Aortic Body, Pig. Two types of parenchyma cells 

can be distinguished in the aortic body. The type I (glomus) 
has a round nucleus and a granular cytoplasm. The type II ( 
tentacular) cell has few or no cytoplasmic granules 
nucleus. Type I cells usually occur in clusters surrounded by Type 

5 and connective tissue. 

Figure 10.40. Lymphatic Vessel with Valve, Artery, and Vein 

Cecal Tonsil, Chicken. Lymphatic vessels have a large lumen and 
a relatively thin wall. Valves may be present. 



and an oval 



Figure 10.39 
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Figure 10.41. Lymphatic Vessel with Valve, Lymph Node, Pig. 

The valves of lymphatic vessels consist of a connective tissue core 
surrounded 



each side b; / an endothelium 



on 



\ 



14 io 






hatic Vessel, Submucosa, Cecum 

consists of an endothelium 
amount of connective tissue. The latter 



4 . 



Figure 10.42. Large Lymp 

Horse. The wall of the lymphatic 
surrounded by a small 
blends with the connective tissue of the submucosa. 
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ymphatic tissue consists predominantly of lymphocytes. These and a variable num- 
ber of plasma cells, macrophages, and other ceils occur among a framework of retic- 
ular cells and fibers. In H&cE preparations lymphatic tissue appears purple because 
of the presence of numerous small lymphocytes, each with a basophilic nucleus and little 
cytoplasm. 



MAMMALS 



Diffuse lymphatic tissue is characterized by a moderate concentration of scattered lym- 
phocytes. A round, oval, or irregularly circumscribed aggregation of mostly small, densely 
packed lymphocytes is called a lymphatic nodule. A nodule may contain a central pale 
area, the germinal center. Because the majority of cells of the germinal center are larger 
lymphocytes with more cytoplasm and lightly staining nuclei, this region appears pale in 
contrast to the dense corona (marginal zone, peripheral zone) of small lymphocytes. Dif- 
fuse lymphatic tissue and lymphatic nodules are components of most lymphatic organs. 
They also appear in the connective tissue of the digestive, respiratory, urinary, and re- 
productive organs, among other locations. 

Aggregations of lymphatic nodules form Peyer’s patches in the lamina propria and 
submucosa of the small intestine, particularly the ileum. 

Tonsils are collections of lymphatic nodules and diffuse lymphatic tissue. They occur 

in the connective tissue below the epithelium in specific regions of the tongue, pharynx, 
and larynx. 

Follicular tonsils are characterized by deep invaginations of the surface epithelium 
called crypts. A crypt together with its associated lymphatic tissue is a tonsillar follicle. 

Collectively, several follicles form the tonsil. Examples of tonsils with crypts include the 

following: lingual tonsils of the horse, pig, and cow; tubal tonsils of the pig; paraepiglot- 
tic tonsils of the pig, sheep, and goat; palatine tonsi ls of the horse, pig, and ruminant. In 
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the palatine tonsils of ruminants the crypts lead into a com- 
mon sinus, which then opens onto the surface. 

Tonsils without crypts have a smooth, somewhat 
folded, or bulging surface, but lack deep invaginations of 
the epithelium. Examples of these are the tubal tonsils of 
ruminants, the paraepiglottic tonsil of the cat, and the pala- 
tine tonsils of carnivores. 

Salivary glands associated with tonsils are typically 
mucous glands except those in carnivores, where they are 
mixed {mucous and serous combined). 

A lymph node is organized into a cortex and medulla. 
The cortex consists of lymphatic nodules surrounded by 
diffuse lymphatic tissue. Extensions of the latter tissue into 
the medulla are called medullary cords. Lymphocytes, 
other leukocytes, macrophages, and plasma cells can be 
found in the medullary cords. 

A capsule of connective tissue, with some smooth mus- 
cle and elastic fibers, covers the lymph node. Parts of the 
capsule extend inward as trabeculae. Afferent lymphatic 
vessels penetrate the capsule to join the subcapsular sinus. 

Cortical sinuses connect the subcapsular sinus to medullary 
sinuses. The latter lead to efferent lymphatic vessels at the 
hi! us. The various sinuses are less cellular than the 
parenchyma and appear pale by comparison. They are 
lined by a discontinuous endothelium and are spanned by 
a webwork of cytoplasmic processes of reticular cells. They 
contain some free cells such as lymphocytes and 
macrophages. 

Blood vessels enter and leave the node mostly from the 
region of the hilus. Unique blood vessels called postcapil- 
lary venules are found in the deep cortex. They are lined by 
elongated cells that appear cuboidal when cut in cross sec- 
tion. Lymphocytes migrate between these cells. 

The amount or arrangement of cortical and medullary 
tissue can vary from thar of the “typical * 1 iymph node. The 
lymph node of the pig, for example, is characteristically 
atypical with the location of the cortical and medullary tis- 
sue, as well as the flow of lymph, being reversed. 

Hemal nodes occur along blood vessels of ruminants. 
They are characterized by blood-filled sinuses between cel- 
lular cords. Connective tissue and some smooth muscle 
form the capsule and trabeculae (which are sparse). Hemal 
nodes lack lymphatic vessels. Hemolymph nodes, in con- 
trast to hemal nodes, possess lymphatic vessels. Their si- 
nuses receive a mixture of blood and lymph. 

The spleen has a capsule that is rich in smooth muscle 
and elastic fibers. In horses and cows two or three layers of 
muscle are oriented perpendicular to each other, while in 
carnivores, pigs, sheep, and goats the muscle fibers are in- 
terwoven. The capsule is thickest in the horse and cow and 
thinnest in carnivores. Trabeculae project into the interior 
oi the spleen from the capsule. They tend to be especially 

large in cows and sheep. 

The parenchyma of the spleen is divisible into the 
white and red pulp. Dense accumulations of lymphocytes, 
arranged around central arteries, form the periarterial lym- 
phatic sheaths (PALS). These, along with lymphatic nod- 
ules, comprise the white pulp. White pulp appears purple 
in H&E preparations because of the high concentration of 
numerous small lymphocytes. Red pulp, because of the 
large numbers of erythrocytes it contains in its reticular 



meshwork and blood vessels, is stained red in H&E 
preparations. 

The splenic artery enters the hilus of the spleen and 
branches into trabecular arteries. When these enter the 
parenchyma of the spleen and become surrounded by white 
pulp, they are called central arteries (not necessarily located 
in the center of the PALS). On leaving the white pulp, the 
central artery branches into a group of pulp arteries. These, 
in turn, branch into two or three arterioles, which termi- 
nate in two or more capillaries. Commonly, the pulp arter- 
ies and their branches are called a penicillus because, col- 
lectively, they resemble the bristles of an artistes brush. A 
portion of the capillaries of the penicillus becomes sur- 
rounded by concentric layers of macrophages contained in 
a reticular framework. These cellular and fibrous thicken- 
ings are called ellipsoids (pericapi liary macrophage 
sheaths). The term sheathed capillary is used by some au- 
thors for the combined unit consisting of the capillary and 
the ellipsoid. Ellipsoids are especially abundant in the 
marginal zone, the region between the red and white pulp. 
They are very large and numerous in pigs. The capillaries 
of the ellipsoids continue as terminal arterial capillaries. 
Arterial capillaries may join venous sinuses or pulp veins 
(dosed circulation), or they may empty directly into the 
spaces of the reticular meshwork of the red pulp (open cir- 
culation). 

The spleen of the dog is a sinusal spleen. The red pulp 
contains typical venous (splenic, vascular) sinuses. These 
are wide channels lined by elongated, longitudinally ori- 
ented endothelial cells. The spleens of the cat, horse, pig, 
and ruminant are classified as nonsinusal, having poorly 
developed or no sinuses. Wisps of smooth muscle in the red 
pulp are most numerous in pigs and ruminants. 

The thymus gland is covered by a thin capsule of con- 
nective tissue that projects inward as septa, partially divid- 
ing the organ into lobules. The parenchyma of each lobule 
is organized into a cortex of mostly small, densely packed 

lymphocytes and a medulla with fewer and larger lympho- 
cytes. The medulla is continuous between lobules. The thy- 
mus lacks lymphatic nodules and is supported by a unique 
cytoreticulum of stellate, epithelial reticular cells and only 
a few reticular fibers. 

Hassall’s (thymic) corpuscles occur in the medulla of 
each lobule. They are concentric whorls of acidophilic and 
flattened reticular cells that may become swollen, kera- 
tinized, and calcified centrally. They are found exclusively 
in the thymus gland. 

As an animal ages, much of the thymus becomes re- 
placed by adipose tissue. 



CHICKEN 



Lymph nodes do not occur in the chicken. However, dif- 
fuse lymphatic tissue and lymphatic nodules are 
widespread. 

The spleen of the chicken is covered by a muscular cap- 
sule, but trabeculae are absent. Areas of red and white pulp 
are less distinct than in the mammalian spleen. White pulp 
is diffusely scattered throughout the spleen and is com- 
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posed primarily of small lymphocytes. It contains sheathed 
arteries and, occasionally, lymphatic nodules. Red pulp is 
formed from venous sinuses and anastomosing cords of 
reticular cells, macrophages, lymphocytes, and red blood 
cells. 



riai and degenerating cells. Myoid cells, characterized by a 
fibrous cytoplasm, also occur in the medulla. 

The bursa of Fabricius is a saclike dorsal diverticulum 
of the proctodeum that is unique to birds. It is character- 
ized by tall, thick mucosal folds (plicae) filled with numer- 
ous polyhedral follicles. Each follicle, composed of lym- 
phatic tissue, is divided into a cortex and medulla. A layer 
of undifferentiated epithelial cells occupies the periphery of 
the medulla, which is separated from the cortex by a capil- 
lary layer. The bursa is lined by a pseudostratified colum- 
nar epithelium, except at the apex of each follicle, which is 
covered by an epithelial tuft of simple columnar cells. 



As in mammals, the thymus is arranged into incom- 
pletely separated lobules of cortical and medullary tissue. 
Typical Hassall’s corpuscles, similar to those found in 
mammals, are seen infrequently. Instead, diffuse forms of 
Hassall’s corpuscles, called reticular structures, are abun- 
dant in the medulla. These are pale, irregular masses of 
reticular cells with vesicles that contain acidophilic mate- 
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Fiaure 11.1. Lymphatic Nodules and Diffuse Lymphatic Tissue, 

oric Stomach, Cat. Dense aggregations of lymphocytes form 
lymphatic nodules in the lamina propria. 
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germinal centers, 
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Colon, x.s., Pig 
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Figure 1 1 .3. Lymphatic Nodule, Colon, Pig. Cells of the germinal 

center and corona. Many small lymphocytes occur in the periph- 
eral corona; fewer and larger cells are seen in the germinal cen- 






ter 



i 



Figure 1 1 .4. Lymphatic Nodule, Colon, Pig. Detail of 

corona. 
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Figure 1 1 .5. Peyer's Patch, Ileum, x.s., Cat. A Peyer's patch is an 
aggregation of lymphatic nodules in the lamina propria and sub- 
mucosa of the small intestine. 
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Figure 11.6. Peyer's Patch, Ileum, x.s., Do 

nodules of a portion of a Peyer's patch 
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Figure 1 1 .7. Paraepigiottic Tonsil, Larynx, l.s 

accumulation of lymphatic tissue in the lateral wall of the larynx, 
between the epiglottis and the vestibular fold, forms a tonsil with- 
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Figure 1 1.8. Palatine Tonsil, Dog. In the doa the entire tonsil lies 

within a fossa (a small hollow) and is covered in part by a semilu- 
nar fold. The palatine tonsils of carnivores lack crypts. 

Figure 11.9. Palatine Tonsil, Dog. A portion of a tonsil and 
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Figure 11,11. Palatine Tonsil, Horse. The palatine tonsils of non- 
carnivores have crypts (surface invaginations lined by stratified 
squamous epithelium). 

Figure 11.12. Palatine Tonsil, Horse. Note that the continuity of 
each crypt with the surface is not always evident. 

Figure 11.13. Palatine Tonsil, Horse. Lymphocytes and other 
leukocytes have infiltrated and partly obliterated the epithelial lin- 
ing of this crypt. 

Figure 1 1 .14. Lymph Node, Cow. The lymph node is surrounded 

by a capsule. Trabeculae project inward rr 
cortex contains sinuses, diffu 
nodules. The medulla is compose 

Figure 11.15, Lymph Node, Dog. 
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Figure 11.16. Tracheobronchial Lymph Node, Dog. This lymph 

node is adjacent to the wall of a primary bronchus near the tra- 
cheal bifurcation. 

Figure 1 1.17. Lymph Node, Horse. The arrangement of cortical 

and medullary tissues may be atypical in some of the lymph nodes 
of mammals. In the example shown the distribution of cortical and 
medullary components is the reverse of that commonly expected. 

Figure 11.18. Lymph Node, Horse. Not only is the arrangement 
cortical and medullary components reversed in this section, but 
the proportion of the medullary tissue is much greater than usua 

Figure 11.19. Lymph Node, Pig. The lymph nodes of pigs con- 
sistently show an atypical pattern. In this section cortical tissue is 
predominantly central, while medullary tissue occurs 
dally and internally. 

Figure 1 1.20. Lymph Node, Cow, The lymph node of the cow is 

often characterized by the presence of large lymphatic nodules. 
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Figure 1 1.35. Spleen, Dog. This drawing is of a small portion of 
the spleen. 

Figure 1 1 .36. Spleen, Dog. The parenchyma of the spleen is or- 
ganized into red pulp and white pulp (periarterial lymphatic 
sheaths and lymphatic nodules), Trabeculae extend inward from 
the capsule and are seen throughout the red pulp. 

Figure 1 1 .37. Spleen, D 

suTe and trabeculae. The s 
taining venous sinuses (see Fig. 1 1.38). 

Figure 1 1 .38. Spleen, Dog. Venous sinuses are lined by longitu- 
dinally oriented, elongated endothelial cells. The nuclei may ar 
may not be apparent in cross sections of such lining cells. Ery- 
throcytes fill the sinuses and the spaces of the red pulp. 

Figure 11.39. Spleen, Dog. Ellipsoids 

marginal zone between the periarterial lymphatic sheath (white 
pulp) and the red pulp. They are also present in the red pulp, 
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Figure 1 1 .36 



|. Note the smooth muscle in the cap- 

een of the dog is a sinusal spleen, con- 
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Figure 1 1.38 
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Figure 1 1 .40 
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Figure 1 1.44 
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Figure 1 1.40. Spleen, Pig (Orcein). The capsule and trabeculae 
are rich in elastic fibers (red-brown). 


















Figure 1 1.41. Spleen, Pig (Mallory's). Ellipsoids are abundant in 

pig. They are especially numerous in the vicinity of the 
marginal zone of a periarterial lymphatic 
1 1 .44 for details of ellipsoids. 
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Figure 1 1 .42 
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sheath. See 



Figure 



Figure 1 1 .42. Capsule, Spleen, Horse. The capsule of the spleen 

rthe horse and cow contains layers of smooth muscle oriented at 
right angles to each other, rather than being interwoven as in car- 
nivores, pigs, sheep, and goats. In this preparation there are three 

distinct layers of muscle. Compare with Figures 1 1 .37, 1 1 .43, and 

1 1 .45. 

Figure 1 1 .43. Capsule, Spleen, Cow. The capsule contains two 

thick layers of smooth muscle oriented at right angles to each 
other. 

Figure 1 1.44, Spleen, Pig. Ellipsoids are especially abundant in 

the spleen of the pia. Each consists of macrophages and reticular 
fibers that surrounaa capillary. 
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Figure 11.45. Capsule, Spleen, Sheep. In sheep the bulk of the 

capsule contains many interwoven smooth . 

smooth muscle in the capsule of the spleen of carnivores (see Fig 
1 1 .37), pigs, and goats has a similar arrangement, In the horse 

Fig. 1 1 .43) the muscle cells are 
ers instead. Elastic fibers can be observed as faint 
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Figure 11.46. Spleen, Sheep. Note the thick trabecula. Charac- 
teristically, the spleens of cows and sheep have thick trabeculae 

Compare with Figure 1 1 .41 . 

Figure 1 1 .47. Red Pulp, Spleen, Sheep. Wisps of smooth muscle 
are scattered throughout the red pulp. 

Figure 1 1 .48. Thymus, Puppy. A thin capsule of connective tissue 
covers the thymus. Lobules, incompletely divided by connective-tis- 

septa, consist of an outer, dark cortex and an inner, pale 
medulla. The medulla is continuous between adjacent lobules. 
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Puppy. Portion of the medulla and cortex 



Figure 1 1 .49. Thymus, 
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Figure 1 1 .55. Thymus, Chicken. The thymus of the chicken is sim- 
ilar to that of mammals. The pale areas throughout the medullary 
regions of the lobules are called reticular structures isee Fig. 

11.56). 

Figure 11.56. Medulla, Thymus, Chicken. Myoid cells, cut 

bliquely, are characterized by a fibrous cytoplasm and periph- 
eral nuclei. The pale-staining reticular structure in this section is 
considered a diffuse form of a Hassall's corpuscle. It consists of dif- 

groups of reticular cells and scattered vesicles. The vesicles 
may contain eosinophilic material or degenerating cells. 

Figure 1 1 .57. Bursa of Fabricius, Chicken. Portions of the long 

mucosal folds (plicae) project into the lumen of the bursa. Numer- 
ous follicles, each composed of a cortex and medulla, fill the lam- 
ina propria of each fold. 

ure 1 1 .58. Bursa of Fabricius, Chicken, Where the apex 

icle contacts the epithelium, tall, pale columnar cells with api- 
cal nuclei form an epithelial tuft. Elsewhere, mucosal 

ered by a pseudostratified colu mnar epithelium. 

Figure 1 1 .59. Bursa of Fabricius, Chicken. A portion of a 

The darkly stained cortex is composed mo sfly of many sma 
phocytes. The paler medulla contains fewer cells of various sizes. 
A layer of undifferentiated epithelial cells, which are cuboidol with 
an acidophilic cytoplasm, occup ies the periphery of the medulla. 
A capillary network separates the cortex and the medulla. 
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he integument includes the skin and its derivatives. Skin consists of an epidermis 
and dermis joined to underlying structures such as muscle and hone by the subcutis 
(subcutaneous tissue). Sweat, sebaceous, and mammary glands, as well as hair and 
feather follicles, are epidermal structures that are located in the dermis and subcutis. The 
highly keratinized claws and hooves of mammals and the beak, claws, and scales of fowl 
are also skin derivatives. 



MAMMALS 



The epidermis of thick skin is a keratinized, stratified, squamous epithelium. T he stratum 

basale is a single layer of cuboidal to columnar cells that lies on a basement membrane 
adjacent to the dermis. These cells give rise to the stratum spinosum, a layer of variable 

thickness, whose polygonal cells become squamous toward the surface. Cells of the stra- 
tum granulosum contain basophilic keratohyalin granules in their cytoplasm. The stra- 
tum lucidum is a thin, pale, eosinophilic, translucent layer. It is limited to regions where 
the epidermis is very thick such as the digital pads of carnivores. In structures composed 
of hard keratin (rather than soft keratin J such as hooves and claws, both the stratum gran- 
ulosum and stratum lucidum are absent. The most superficial layer of skin, the stratum 
eorneum, is composed of dead, keratinized squamous cells that slough from the surface. 

Cell division within the stratum basale and stratum spinosum allows continued growth 
of the epidermis. 

1 he epidermis of thin skin is composed of relatively few cells, but the number varies 
with the location. Thin skin lacks a stratum lucidum, and a stratum granulosum is not al- 
ways evident. 

The dermis consists of loose and dense irregular connective tissue containing blood 

vessels, lymphatic vessels, and nerves. In thick skin the superficial, loose connective tissue 
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the skin surface. Basal (stem) cells of sebaceous glands di- 
vide and give rise to vacuolated secretory cells that synthe- 
size lipid. The innermost, mature secretory cells die and 
break apart, forming an oily product called sebum, lliis 
form of product release is called holocrine secretion. 

Sweat glands may be winding (serpentine) or highly 
coiled and may be either tubular or sac! ike. They empty 

their secretion through a duct, either into a hair follicle or 
onto the skin surface. The epithelium of the secretory por- 
tion of the gland varies from flattened to columnar. Con- 
tractile myoepithelial cells surround the secretory cells and 
the initial portion of their ducts. 

Traditionally, sweat glands have been classified as ei- 
ther merocrine (secretory product released by exocytosis) 
or apocrine (secretory product released when small pieces 
of cytoplasm containing the product are pinched off the 
free surface of the cell). Recent evidence, however, has sug- 
gested that this may not be true and that all sweat glands 
may use the merocrine form of release. We have chosen to 
use the traditional nomenclature until the matter is re- 
solved. 



of the dermis, the papillary layer, forms projections called 
dermal papillae that inrerdigitate with the epidermis and 
serve to anchor the two layers. The deep layer of dense ir- 
regular connective tissue of thick skin is called the reticular 
layer. 



In thin skin dermal papillae are either reduced or ab- 
sent. Therefore, when both loose and dense irregular con- 
nective-tissue layers can be distinguished in the dermis of 

thin skin, they are best referred to as the superficial and 
deep layers, respectively. 

Hairs are associated with regions of the body covered 
by thin skin. They arise from germinal (matrix) cells of the 
hair bulb at the base of the follicle. Multiplication of germi- 
nal cells results in growth of the hair. Near its origin, a hair 
consists of a central medulla of cuboidal cells, a cortex of 
flattened ceils oriented parallel to the long axis of the hair, 
and an outer cuticle consisting of scalelike cells that partially 
overlap so their free edges are directed upward toward the 
surface of the skin. As the ceils of the hair are pushed to- 
ward the surface from the region of the hair bulb, they be- 
come keratinized. Within the hair the medulla may become 
reduced distaily, and it is absent entirely in wool hairs. 

Hair follicles are set obliquely in the dermis or sub- 
cutis, although in sheep they tend to be vertical. A vascular 
dermal papilla projects into the hair bulb. Melanocytes, lo- 
cated close to the dermal papilla among matrix cells, have 
cytoplasmic processes that provide pigment to the hair 
cells. The germinal cells of the matrix, in addition to form- 
ing new hair cells, give rise to the inner root sheath of the 
follicle. The cuticle of the inner root sheath is composed of 
overlapping, scalelike cells similar to those of the cuticle of 
the hair, but their free edges are directed downward, so that 
the hair and inner-root sheath interlock. The inner root 



Special regions in the skin of various species have nu- 
merous, well -developed glands. The carpal glands of pigs 
consist of masses of merocrine sweat glands. Numerous 
apocrine sweat glands characterize the mental organ of pigs 
and the interdigital and inguinal pouches of sheep. The 
submental organ of cats, the supracaudal gland of carni- 
vores, the infraorbital pouch o; sheep, and the scent (horn) 
glands of goats contain many large sebaceous glands. 

The skin of the nose of horses is thin with fine hairs, se- 
baceous and sweat glands, and occasional sinus hairs. The 
planum of the nose of the other domestic mammals is cov- 
ered by a dtick, highly keratinized epidermis. 1 he planum 
nasale of carnivores is devoid of glands and hairs. In cats the 
epidermis forms numerous small bumps, while that of the 

dog is rather flat with surface grooves. The planum rostrale 
of the pig contains numerous merocrine sweat glands and 
sparse hairs. The planum nasola biale of die cow and the 
planum nasale of sheep and goats are hairless and contain 
compound acinar glands that produce a serous secretion. 

Digital pads of cats and dogs are covered by a very 
thick epidermis that is smooth in the dog and roughened by 
conical papillae in the cat. Coiled merocrine sweat glands 
occur in the dermis and the digital cushion of the pads. 

! obules of mammary glands are situated in the subcutis 
and consist of tubuloacinar glands and intralobular ducts. 
When a mammary gland is active, secretory tissue is promi- 
nent, and intralobular and interlobular connective tissue is 
reduced. When a gland is inactive, only the duct system is 
ev ident. Cellular thickenings at the termination of intralob- 
ular ducts represent gland remnants or gland precursors in 

the inactive gland. Interlobular ducts, with a bistratified 
cuboidal to columnar lining, drain the lobules and lead to 
the lactiferous ducts and lactiferous sinuses at the base of 

the teat, he teat sinus, with a bistratified columnar to 
cuboidal lining, leads to the teat canal that opens onto the 
tip of the teat. The teat canal is lined by a stratified squa- 
mous epithelium that is continuous with the skin. Single teat 
sinuses and canals pass through the teats of ruminants, 
while the teats of carnivores, horses, and pigs contain mul- 
tiple teat sinuses and canals, each opening separately onto 



sheath becomes keratinized and tapers distaily, ending 
close to the opening of sebaceous glands into the follicle. 
The peripheral external root sheath represents a downward 
continuation of the epidermis. A connective tissue (dermal) 
sheath surrounds the follicle and abuts the basement 
(glassy) membrane of the external root sheath. It blends 
with the rest of the dermal connective tissue. An arrector 
pili muscle (smooth muscle) inserts on the connective tissue 

sheath of the follicle and originates from the superficial 

layer 'of the dermis. 

Single (simple) hair follicles are evenly distributed in 
the skin of horses and ruminants and occur in groups of 
three in pigs. In carnivores most of the follicles are com- 
pound follicles. Each compound follicle is formed from a 
single primary follicle and several secondary follicles. The 

follicles unite at the level of the openings of the sebaceous 

glands, forming a common follicle, which extends from the 
point of union to the skin surface. T he hairs that are pro- 
duced exit as a group to the surface through the common 
follicular opening. Sinus (tactile) hairs are limited to the 
face region. They are produced by large follicles that are 
well innervated and that contain blood-filled sinuses within 
their connective-tissue sheaths. In horses, pigs, and rumi- 
nants the sinus is trabecula ted i hrougliout its length. In car- 
nivores the upper region is nontrabeculated, forming an an- 
nular sinus. 

The short ducts of sebaceous glands usually empty into 
hair follicles, although they may also empty directly onto 
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the surface. The skin surface of the teat of cows and pigs 
lacks sebaceous glands, sweat glands, and hairs. 

Chestnuts and ergots are epidermal thickenings char- 
acteristic of the horse. The claws of carnivores, hooves of 

ungulates, and horns of ruminants are highly specialized 

derivatives of the skin composed of hard keratin. 



veloping feather is lined by a stratum corneum and under- 
lying stratum germina tiv urn surrounded by a layer of con- 
nective tissue. The epidermal collar, a thick ring of epider- 
mal cells at the base of the follicle, gives rise to the feather. 
It surrounds the dermal (feather) papilla, which gives rise 
to a well-vascularized, mesenchyme-like feather pulp that is 
present during growth of the feather. A network of feather 
muscles, each composed of one to several bundles of 
smooth muscle, attaches the follicles to each other. No 
muscles are associated with the follicles of filoplumes. 

Wattles and combs are appendages of the skin whose 

dermis contains an extensive, superficial network of sinus 

capillaries and abundant mucous connective tissue. The si- 
nus capillaries are responsible for the striking red color of 

the appendages. 

Digital pads are covered by a thick stratum corneum 
and contain a cushion of adipose tissue in their subcutis. 
Scales, claws, and beaks are keratinized derivatives of the 

skin. 



CHICKEN 



The epidermis of the chicken is generally thinner than that 
of mammals. It is composed of an inner stratum germina- 
tivum and an outer stratum corneum. The stratum germi- 
nativum includes a basal layer, an intermediate layer of one 
to several layers of polygonal cells, and a thin transitional 
layer of flat vacuolated cells just below the stratum 
corneum. 

The dermis of feathered skin lacks papillae and is 
nonglandular. Mutlilocular, as well as unilocular, 
adipocytes occur in the subcutis. 

The epidermally derived feathers may be classified into 
three main types in the adult chicken: contour, down, and 
filoplume. A contour feather has a central shaft that is di- 
visible into a hollow calamus (quill) and a rachis. A vane 
extends laterally from each side of the rachis and is com- 
posed of barbs and barbules with interlocking hooklets. 
Down feathers are soft and fluffy. Their barbules lack 
hooklets. Filoplumes are small, hairlike feathers. 

Feathers are situated in tu belike follicles oriented 
obliquely in the dermis or subcutis. The follicle wall of a de- 



The uropygial (preen) gland is a biiobed holocrine 
gland located in the dorsal base of the tail. It produces an 
oily secretion. Simple tubular glands radiate outward from 
the lumen of each lobe like the bristles of a bottle brush. 
Each tubule is divided into a sebaceous zone and a glyco- 
gen zone, named according to their histochemical staining 
properties. The glycogen zone is continuous with the lumen 
of the lobe. Each lobe is drained by a primary duct that 
passes through the isthmus to the papilla (nipple) to open 
onto the surface. 
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Figure 12.1. Planum Nasale and Hairy Skin, Nose, Dog. Junc- 
tion of the hairless planum nasale (thick skin) and the hairy por 

e nose. No glands are associated with the 
planum of carnivores. There are surface grooves in the planum of 
the dog . 

Figure 12.2. Planum Nasale and Hairy Skin, Nose, Cat. No 
hairs or glands are associated with the planum of carnivores, ine 
surface of the planum bears numerous small raised tubercles that 
are characteristic of the cat. 

Figure 12.3. Epithelium, Planum Nasale, Cat. Portions of the 

small tubercles typical of the cat's planum. All layers of the epi- 
dermis are evident. Note how the papillae of the dermis interdig- 
itate with the epidermal pegs. 
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Figure 12.4 
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4. Intercellular bridges 

5. Melanocyte 



9. Stratum spinosum 
10. Sweat gland 



Figure 12.4. Nose, Horse. Numerous small sebaceous glands, 
sweat glands, fine hairs, and the follicle of a sinus hair are evident. 
The epidermis is heavily pigmented. 



Figure 1 2.5. Nose, Horse. A melanocyte with numerous pigment 
granules is located in the deep portion of the epidermis. Sur- 
rounding cells have phagacytized melanin granules produced by 
lanocytes. i he granules are aggregated like a cap just above 
the nucleus of some of the cells orthe stratum spinosum. 
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Figure 1 2.6 
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Figure 12.6. Planum Rostrale, Pig. The very thick epidermis of 

the snout of the pig has low, wide elevations and an especially 
thick stratum corneum. Long dermal papillae project into the epi- 
dermis. Numerous merocrine sweat glands occur in the subcutis. 

Hairs, which are sparse on the planum of the pig, are not shown. 

Figure 12.7. Planum Rostrale, Pig. Detail of the merocrine sweat 

glands. Secretory cells are either columnar or cuboidal and 
surrounded by myoepithelial cells. 
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Figure 1 2.7 
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Figure 12,8. Planum Nasolabiaie, Cow. The surface of the 

planum of the cow is hairless and marked by grooves. Long der- 

are abundant 
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the subcutis of the planum of ruminants. 

Figure 1 2.9. Planum Nasolabiaie, Cow. The tissue 

anum, so that cross sections of dermal 
papillae appear in the stratum spinosum. Each papilla is sur- 
rounded by cells of the stratum basale and each contains several 
blood vessels. 
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Figure 12.8 



















































pjg 





















til 



FI 









• _y 












St 















"i 






ip « 















11 












** 









& *£ 















. 









i 









m* m 















I 






1 



« 















* 












P 
























— i * :* 



» 



ib. « 



t 



*w. y ~ 

Sglta:# 



■ 



• i 



■» 



j 






* 









,■ 






> 



& 









* 






■v> 



a 






■r 






V 



% 



* 



* 



- * 












IS ^ ' 

^ Vk T Ih. 






. 






I 












. 















* 









* I 









n 



« y 



























" 



^ V 






r 



I 



'1 









rv 






w 






v 



tmi \ 



r 






j 



i 









j 



- *P H 





















4 



’ 















ir 












.*- 






s 






* 



■ 



5 V, 



_ 






* 


















' 









> 



V 



* 






> * 



\ - m 












*V " 



i 









. \*. 









< 



% * t ^ 

. s 









'T. 












4. 






























hi' 






i 

































v 

































«IH » 

^ v 



v 






* 






s c 



a 






4 












» 



% 



> 






F.* 



* t , 






i 









% 



> 



K3 



/ 






\ 















■ 



" F. 






L •, ^ 



t 



■ 









S? 












»% 






Vi 



*• :*v 

V .- 



■ 







































;wisr 

, # fj 



Mb 



a , 

. 1 * 



r 












K 



•h 





















r 



■ 



i 









L\?ji 



"TVs 






i 





















■v 






j n 



“lift 









v 



r 






i 





















i 






Cr%ij2* 






f 






v 


















<_ » v 
J 









* 



r. 









n 






h 












_ jAf xj 

<*3 



/ 



1 


















* 












•*% * 



7j 

“1 ■ 



> 



* 






v > 



1 






H 



J 'A. 
















































■» 












* 



I - — 









0 



li 












■> 






’ Pi ^ 

4 •; £ r £ 

vj**IT » 






S' 



o I 






t 






0 















■ A 






It 












•fa 






* 



* t 






■. *v. ^ 









in 



■ 



* 






MRU* 






,..; * ■• ""-'tv 

<j 






» v . 















b'l 




































S 



>! 



a 






* 












«* 



4 





















k. 












. 



i< 









Ksaj 


















i. •. 












» 






rw 



• ►*! 


















— 















* ;, 






1* .1 



j - I 



4b* 



V 












> 


















sfv. 





















• >c& 

idgQ 









# 



T ' ■ 






* 






1 



4 +• 












X 






', S >L? 
■v ▼l 1 ' 









i f J 





















Figure 12.13 
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Figure 12.10. Planum Nasolabiafe, Cow. During tissue process 

ing the keratinocytes of the stratum spi nosum shrink away from 

each other, but remain attached at multiple sites where aesmo- 
somes are located. As a result of this artifact, there appear to be 
cytoplasmic connections between adjacent cells. Some early 
workers called these "intercellular bridges," because they were 
thought to represent cytoplasmic connections between cells. Oth- 
ers thought the artifacts resembled spines, hence the name stratum 
spinosum. 

Figure 12,11. Planum Nasolabiale, Cow. 

cow, sheep, and goat contains many tubuloacinar serous glands. 
Branches of an intralobular duct can be seen entering secretory 

acini. 
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Figure 12.12. Digital Pad, Dog. The digital pad is hairless and 

covered by a very thick epidermis that is roughened by small con- 
ical projections in the dog. Compare with Figure 1 2.1 4. 

Figure 12,13. Digital Pad, Dog. Coiled merocrine sweat glands 

and pacinian corpuscles among skeletal muscle and loose con- 
nective tissue of the digital pad. 
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Dermis, papillary layer 

2. Dermis, reticular layer 

3. Digital cushion 

4. Duct of sweat gland 

5. Epidermis 



6. Stratum basale 



7. Stratum comeum 



8. Stratum granulosum 

lucidum 



9. Stratum 



1 0. Stratum spi nosum 



Figure 1 2. 14. Digital Pad, Cat. The surface of the digital pad of 
the cat is smooth, lacking the conical papillae that are typical of 
the dog (see Fig. 1 2.1 2), Portions of the excretory ducts of sweat 
glands spiral through the stratified squamous epithelium. 



Figure 12.15. Digital Pad, Cat. Detail of the epidermis and der- 
mis shown in Figure 1 2. 1 4. All five layers of the epidermis are ev- 
ident. 
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1 . Dermis 

2. Hair, x.s. 

3. Stratum basale 



4. Stratum corneum 

5. Stratum granulosum 

6. Stratum spinosum 



Figure 12.16. Skin, Mid-Ventral Abdomen, Dog. The epidermis 

few layers of 



is thin and consists of four layers. Note that only a 
cells comprise the stratum spinosum. The stratum corneum is also 
relatively thin, and the keratinized cells have loosened and sepa- 
rated from the surface. 
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Figure 1 2. 1 7. Skin, Back, Cat. Two compound follicles in the der- 
mis. In carnivores the hairs of compound follicl 
level of the sebaceous glands and share a common romcu 
opening to the surface. Bits of hairs are evident in the follicles as 
shiny, yellow-brown structures. The arrector pill muscles of the skin 

especially well developed in cats and dogs, A 

space artifact separates the subcutis from the underlying skeletal 
muscle. 

Figure 12.18. Skin, Caudal Abdomen, Cat. The epidermis is ex- 
tremely thin. Cells of the stratum spinosum are sparse, and those 
of the stratum granulosum are vis ible only as occasional dark 
granular areas just beneath the stratum corneum. Hairs are visible 
within the compound follicles. 

Figure 12.19. Skin, Back, Cat (Masson's). Portions of an 

ill muscle, sebaceous gland, and a hair within a follicle. 
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Figure 12.21. Skin, Neck, Horse. Mid-region of o longitudinal 

section of a hair follicle. Large, clear cells of the medulla or the hair 

have round nuclei that become pyknotic as the 
from the hair bulb. The pigment-laden cortex of the hair is formed 
from closely packed elongated cells that have become keratinized. 
Scalelike, keratinized cells of the cuticle of the hair partially 

that their free edges point upward. They interlock with cells 

root sheath, whose free edges are di- 
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over* 



la 



so 



the cuticle of the 
rected downward. 



o 



Figure 12.22. Skin, Neck, Horse. A dermal papilla projects into 
the hair bulb at the base of the follicle. Cells of the cortex of the 
hatr are nearly obscured by pigment granules provided by 

melanocytes of the bulb. 



Figure 12.22 
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Figure 12.23. Skin, Dorsal Neck, Pig. 

dermis. Sweat glands and adipose tissue are seen i 



i 



tn the subcutis. 

Figure 12,24. Skin, Dorsal Neck, Pig. The epidermis and part of 

the dermis are shown in detail 
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Pig (Orcein). The dermis of the 

. The fibers of the 



Figure 1 2.25. Skin, Dorsal Neck, 
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Figure 12.26. Skin, 
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1 0. Epidermis, inner surface 
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Fiaure 12.28. Scrotum, Goat. The thin epidermis and a portion 

Fa hair follicle are shown in detail. 

Figure 1 2.29, Ptnna (Auricle), External Ear, Dog. A plate of el 

tic cartilage is covered by the skin of the outer (convex) and inner 
(concave) surfaces of the pinna. Hair follicles are more numerous 
in the skin of the outer surface. 

Figu re 12.30. Pinna, External Ear, Dog. Clusters of compound 
hair follicles cut in cross section vary in appearance at different 
levels of the dermis. The cells of the cortex and medulla of the hairs 
are evident in the deepest portions of the follicles. More superfi- 
cially, the cells become keratinized and appear shiny 
(medulla) and yellow (cortex). Several hairs have merged to s 
common follicle wall near the epidermis. 

Figure 12.31. Pinna, External Ear, Dog. Detail of follicles, shown 

in cross section, from the deep region of the dermis, similar to 

those in Figure 1 2.30. 

Figure 12.32. Skin, Back, Sheep. A wool hair, shown in cross 

section, lacks a medulla. 
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Figure 1 2.29 
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Figure 12.30 
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Figure 12.31 
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Figure 12.35 
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1 . Annular sinus 

2. Connective tissue sheath, inner 

3. Connective tissue sheath, outer 



8. Hair bulb 

9. Inner root sheath 

10. Merkel's cell 

1 1 . Outer root sheath 
1 2. Sebaceous gland 
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Figure 12.33. Sinus Hair Follicle, l.s., Nose, Cow. In sinus hair 

follicles of ruminants, horses, and pigs the entire length of the 

blood-filled sinus is crossed by numerous trabeculae. 

Figure 12.34. Sinus Hair Follicle, oblique section. Nose, Dog 

The large sinus hair follicle contains a blood-filled sinus, lined by 
an endothelium, between the inner and outer layers of the con- 
nective tissue sheath. In carnivores only the lower region of the si- 
nus is spanned by a network of trabeculae of connective tissue. 

The upper region contains an annular sinus, free of trabeculae, 
into which protrudes a thickeninq of the inner connective-tissue 

I I i I A I I ^ 

sheath called the sinus pad. 
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Figure 12.33 
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Figure 12.35. Sinus Hair Follicle, Nose, Dog. Detail of Figure 

1 2.34. Portion of the sinus pad, annular sinus, and trabeculated 

. Note the Merkel's cells, associated with tactile stimulation, 



sinus 

in the external (outer) root sheath. 
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Figure 12,34 
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Figure 12.40 
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3. Follicular folds 

4. Gland cells, surface cut 

5. Hair 

6. Hair follicle 

7. Inner root sheath 

8. Myoepithelia! cell, 

nucleus 



9. Outer roof sheath 

1 0. Pyknotic nucleus 

1 1 . Sebaceous gland 

1 2. Secretory portion, sweat gland 

1 4. Sweat gland 

gland, 

1 6. Vacuolated cell 
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Figure 12.36. Sebaceous Gland and Hair Follicle, l.s„ Lip, 

Sheep. The inner-root sheath forms follicular [circular} folds below 
the entrance of sebaceous glands into the follicle. 

Figure 12.37. Nose, Dog. Longitudinal sections of two serpentine 

sweat glands. Their tubufar structure is evident. 
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Figure 12.37 



















































Figure 1 2.38. Sebaceous Gland and Sweat Gland, Nose, Dog. 
The secretory portion of a sweat gland, I ined by cuboidal to 
columnar cells, is continuous with the bistratified, flattened cells of 
its duct. The cell types found in me holocrine sebaceous gland are 

eripheral stem cells; maturing, round cells 
cytoplasm; inner degenerating cells with py- 
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Figure 12,39. Sweat Gland, Skin, Horse (Trichrome). Cross and 

oblique sections of a coiled sweat gland in the dermis are lined by 
cuboidal to columnar cells and surrounded by myoepithelial cells. 
The solid sheet of several cells represents a surface cut through the 
wall of the gland. 
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Figure 12.40. Sweat Gland and Duct, Teat, Sheep. Low colum- 
nar secretory cells with apical blebs end abruptly where the duct 
epithel ium begins. Both the secretory cells and the initial segment 
of the duct are surrounded by myoepithelial cells. The cytoplasm 
of the myoepithelial cells appears as a pink, sometimes rippled 



Figure 12.38 
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Teat, Sheep. The secretory cells of 
sweat glands vary from squamous to tall columnar. They are squa- 
mous tn this preparation, but are columnar in Figure 1 2.40. Note 

that one of the secretory portions is cut tangentially, revealing the 

elongated shape of the myoepithelial cells. 






/ 



Figure 1 2.42. Sweat Gland, Teat, Sheep (Silver and Eosin). Th 

basement membrane of a sweat gland is blackened with silver. 
Myoepithelia! cells occur between the flattened secretory 
the basement membrane. 
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Figure 12.43. Carpal Gland, Pig. Lobules of merocrine sweat 

glands occur in the subcutaneous tissue on the medial side of the 
carpus of the pig. 
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Figure 1 2.44. Carpal Gland, Pig. Dark and clear cells of the se 

cretory units of these merocrine sweat glands are surrounded by 
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Figure 1 2.45. Infraorbital Pouch (Sinus), Sheep. Man 

baceous glands occupy the wall of the infraorbital pouc 
Some apocrine sweat glands lie deep to the sebaceous glands 
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Figure 1 2,61 . Teat Canal, x.s.. Cow (Trichrome). The keratinized 

stratified squamous lining of the teat canal is encircled by a papil- 
lated layer (green) of connective tissue and bundles of smooth 
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Figure 12.62. Teat Canal, x.s 
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Figure 1 2.63. Skin Surface, Teat, x.s., Cow (Trichrome). The skin 

surface of the teat of the cow 
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Figure 12.64 
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Figure 12.64. Developing Clow, l.s., Fetus, Dog. The claw 

dorsal and lateral wall (body, daw plate) and 
of hard keratin that cover the distal phalanx. The 






L 









nivores consists of a 
ventral 



a 



daw fold is the skin that covers the wall at the base of the claw. 









Endochondral bone formation has begun in the phalanges of this 



specimen. 

Figure 1 2.65. Sole of Claw and Digital Pad, Dog. The limiting 

furrow separates the digital pad from the sole of the claw. 

Figure 12.66. Apex of Claw, l.s.. Dog. The dermis of the wall 

bears laminae (lamellae) at the apex of the claw. 
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Figure 12.67. Horn, Cow. Horns of ruminants are composed of 
bone of the cornual process covered by a dermis and epidermis, 
The epidermis with a thick stratum corneum of hard keratin (horn) 
and a portion of the underlying papillated dermis are shown here, 
(Photograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 












-r 



-■ 



• r . 



r r A 



* V“ . 






» 






r ■ 












/ 



1 












■ »■ 



I* * 



t - 



I 



_n 









■ p 



























* 






* 



■ 



■ 






> 









. ■» 









tf 



% 






-■v 

'i ; M 

» Js , 



-j 



? -i 



V 






ir> 

' 

■Vr. 



s- 









iKk 












C ■ 












1 



4 



’ i 



■ * 


















7, 






T- i 1 ‘ 



L ’ i 3 j 

: fft 















“i 












4 / 









J rtV ' 

“ '>'■ i- 


















Ai 



■ 






I 















t v. 


















* • 4 - 






♦ 









■ t 









-ell 









i. 



■ i 



■ 



i 


















f . 















i 






J 












* 



- 



■ 






« V 












J - 


















v l 



f 



I 



■ 









S5 



i 


















» » 



■v 



> 









. p 









I'M 



» 






i 



4 



r 



f ■ 






* 



i. 






Ufc 






pi 



n 









* JW - 















- 









fj 



I 






■ r. 



r. 















r 



1 





















v?'lt 



$ 1 



* . II 



I 



F •• • | 

t# - *' I-"? 1 

“ • «■ «• 4 . ; 



* 






« 



r 






I 



a 






M 



i 






- 



f 






Figure 12.68. Chestnut, Horse. Junction of the hairy skin and 
chestnut. Chestnuts (and ergots) of horses are I 
ings of the epiderm is composed of horn tubules (tubular horn) and 
intertubuiar horn. Horn tubules arise from the cells of the stratum 
basale that cover the apex 

r ( interpapil lary) horn arises 
that are located between 
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Figure 12.67 
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and sides of dermal papillae. Inter- 

f the stratum 



from the cells 
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Only a small portion of the very thick stratum corneum oft 
nut is shown. 
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Figure 12.69. Chestnut, Horse. Detail of a portion of the epider- 
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mis 
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Figure 12.70. Chestnut, Horse. The section was cut parallel to the 

surface of the chestnut at the level of the stratum corneum. Horn 
tubules appear in cross section between intertubuiar horn. 
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Figure 12.70 
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is characterized by the presence of fine, short papillae (1 to 

2 mm). 



The equine hoof is the keratinized portion of the epi- 
dermis that covers the distal end of the digit. The various 
regions of the hoof are depicted in Figures 12.71 and 
12.72. The perioplic, coronary, and laminar regions com- 
prise die wall (the portion of the hoof that is visible when 
the digit is on the ground ). i he wall turns in ventrally at an 
acute angle to form the bars. The sole, which forms most of 
the ventral surface of the hoof, is attached to the bars and 
the adjacent, inner border of the wall. The frog, a caudal, 
wedge-shaped mass, lies between the bars. The apex of the 
lrog merges with the sole cranially. The bulbs are the con- 
vex protuberances located above and behind the frog. 

The keratinized tissue comprising the hoof is in the 

form of tubular, intertubular, and laminar horn (see Figs. 

12,75, 12.76, 12.79, and 12.80). The underlying, living 

layers of the epidermis include the stratum spi nosum, 
whose cells are undergoing keratinization, and the stratum 
basale. The stratum basale borders on the dermis (corium), 
which is rich in blood vessels and nerves. The dermis may 
be either papillated or laminated, depending on whether 
the overlying epidermis contains tubular or laminated 
born, respectively. The dermis blends with underlying 
structures such as the subcutaneous cushions and the pe- 
riosteum of the third phalanx. 

Tlie perioplic epidermis forms a band of soft, nonpig- 
mented tubular horn. It merges with the epidermis of the 
skin above and extends downward as a thin, glossy, flaky 
layer of keratin that forms the outer coating of the wail of 
the hoof, called the stratum tectorium (stratum externum). 
This layer is well developed in young animals, but tends to 
be worn away in older horses. The perioplic epidermis 
widens at the heels to form the bulbs. The perioplic dermis 



The germinal cells of the coronary epidermis form 

horn tubules (tubular horn) and intertubular horn that ex- 
tend from the coronary region to the ground surface, form- 
ing the bulk of the wall of the hoof, the stratum medium. 
The horn tubules are oriented at an angle to the ground, 
i 'hey parallel the external surface of rhe hoof. The coro- 
nary dermis is marked by long dermal papillae (4 to 6 mm). 

The laminar epidermis of the wall is in the form of lam- 
inae (lamellae) thar are arranged parallel ro the horn 
tubules of the stratum medium. They extend from the deep 
edge of the coronary region to the sole. Each primary lam- 
ina bears numerous secondary laminae (not present in the 
hooves of pigs and ruminants) that project at right angles 
along its length. The primary epidermal laminae are kera- 
tinized and fused with the inner portion of the stratum 
medium of the wall. The secondary epidermal laminae con- 
sist of a core of cells of the stratum spinosum bordered by 
cells of the stratum basale. The epidermal laminae form the 
stratum internum of the wall of the hoof. They i n te rdigitate 
with primary and secondary derma! laminae of the laminar 
dermis. 1'his extensive interdigitation serves to suspend the 

third phalanx from the hoof. At the ground surface, the 
junction of the epidermal laminae of the wall (unpig- 
mented) with the sole is called the white line. 

he tubular and intertubular horn of the bulbs, sole, 
and I rog is softer than that of the wall of the hoof. The der- 
mis of these regions, like that of the periople and coronary 

region, is papillated. The epidermis and dermis of the bars 
are laminated, being continuous with the laminar region of 
the wall. 
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Figure 12.77 
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re 12.73, Developing Hoof, l.s., Fetus, Horse. The regions 

that form the three layers of the hoof wall are apparent: the peri- 
oplic, coronary, ana laminar regions. 
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Figure 12.74. Developing Hoof, Coronary Region, l.s., Fetus, 

Horse, Portion of coronary epidermis and coronary dermis, later 
in development than in Figure 1 2.73, showing tubular and inter- 
tubular horn. The medulla and cortex of the horn tubules 

formed from the cells of the stratum basale that cover the tip and 

the sides of dermal pap 
formed by cells of the stratum basa 

bases of the dermal papillae. (Photograph of a histologic section 

j the College of Veterinary Medicine, Iowa State 



Figure 12.74 
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Figure 12.75. Developing Hoof, Coronary Region, l.s., Fetus, 
Horse, Detail of Figure 1 2.74, showing two horn tubules in longi- 
tudinal section. (Photograph of a histologic section borrowed from 
the College of Veterinary Medicine, Iowa State University.) 

Figure 12.76. Hoof, Coronary Region, x.s., Horse. Dermal 

apillae and horn tubules of tubular horn. (Photograph of a histo- 
ogic section borrowed from the College of Veterinary Medicine 
Iowa State University.) 

Figure 12,77, Developing Hoof, Wall and Sole, x.s., Fetus, 

Horse. The dermis of the wall is laminated, while that of the sole is 
papillated. 
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7. Epidermal lamina, 
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8. Horn tubule 
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1 0. Stratum medium 
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2. Blood vessel 



3. Bone, P3 



4. Dermal lamina, primary 

5. Dermal lamina, secondary 

6. Epidermal lamina, primary 



Figure 12.78, Developing Hoof, Wall, x.s., Fetus, Horse. Detail 

ure 1 2.77. The epidermal laminae, at this time, consist 

mainly of a layer of basal cells (stratum basale). Primary epider- 
mal laminae have begun to form secondary laminae. The primary 
and secondary dermal laminae are extensions of the laminar der- 



mis. 



Figure 1 2.78 



x 1 25 



Figure 12.79. Hoof, Laminar Region, x.s.. Horse. Horn tubules 

of the stratum medium are seen in cross section. Primary and sec- 
ondary epidermal laminae of the stratum internum interdigitate 
with the laminar dermis, which anchors the third phalanx to the 
wall of the hoof. Epidermal laminae, which are long ridges, ap- 
pear featherlike in cross section. (Photograph of a histologic sec- 
tion borrowed from the College of Veterinary Medicine, Iowa 



State University.) 






Figure 12.80. Hoof, Laminar Region, x.s.. Horse. Primary epi- 
dermal laminae of the stratum internum, continuous with the stra- 
tum medium, bear secondary epidermal laminae. These interdig- 

itate with primary and secondary dermal laminae. The secondary 
pidermaflaminae and the dermal laminae comprise the sensitive 
laminae. Nuclei of the basal cells appear as small dark spots 
along the periphery of secondary epidermal laminae. (Photo- 
_ ih of a histologic section borrowed from the College of Vet- 
erinary Medicine, Iowa State University.) 
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Figure 1 2.8 1 . Hoof, Sole, oblique section. Horse. Dermal papil- 
lae and horn tubules of the sole are shown. (Photograph of a his- 
tologic section borrowed from the College of Veterinary Medicine, 
Iowa State University.) 

Figure 12.82. Skin, Neck, Chicken. The epidermis of feathered 

skin is very thin and composed of a stratum qerminativum and 
stratum corneum. The layers of the stratum germinativum are evt- 

ent in Figure 1 2.92. Nuclei of the epidermal cells are often or* 
anized into stacks perpendicular to tne surface. Abundant small 
lood vessels appear in the superficial region of the dermis. 

Figure 12.83. Feather Follicle, Skin, Neck, Chicken. Oblique 

section through the basal region of a follicle with a developing 
feather. An epidermal collar surrounds the dermal papilla. The up- 
per portion of the dermal papilla blends with the feather pulp. 

Figure 1 2.84. Skin, Chicken. Oblique sections of developing con- 
tour feathers. 

Figure 12.85. Skin, Chicken. Oblique section of a developing 
contour feather. Melanocytes lie among cells of the barb. Barbule 

cells, beginning with the outermost ones, receive pigment from the 
processes of the melanocytes. 
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Figure 12.86. Skin, Chicken. Longitudinal section of a contour 

feather showing several developing barbs, later in development 
than in Fiqure 1 2.85. The pale, cuboidal cells at the base of each 

barb form the stem of the barb. 

Figure 12.87. Skin, Chicken. Portion of contour feather follicle, 
x.s., at level of calamus (quill). Note that feather pulp has been 
placed by an air space. 

Figure 12.88. Skin, Chicken. Cross section of a contour feather 

showing numerous barbs. 
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Figure 12.89. Skin, Eyelid, Chicken. Feather follicles, x.s 

licle wall of the tiny filoplume feather is relatively thick 
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a contour feather by an elastic tendon. 

Figure 12.90. Wattle, x.s., Rooster. Numerous sinus capillaries 
in the superficial layer of the dermis impart a 
tie (and comb) when filled with blood. Mucous connective tissue of 
the intermediate layer of the dermis surrounds the central layer of 
dense connective tissue. 






o 



•-l- 









* 






B, 



l. T < 









** 












r 



<■4/ 1 1 * 









»• 






a 



W * 


















k 1 






Figure 1 2.89 






# 



tL 






- 









*-■1 



p 



■ a * 






5 erfK- ? 



s 



a p 



^vJsr • 



« 



i 



* 









l 



Figure 12.91. Comb, Rooster. The point of a comb is similar in 
appearance to the wattle [see Fig. 1 2.90). The collagenous fibers 

r the central layer of the dermis arise from the periosteum of the 
skull and carry vessels and nerves to the extremities of the comb. 
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Figure 1 2.92. Comb, Rooster. Portion of epidermis and superfi- 
cial dermis. The stratum corneum and layers of the stratum germi- 
nativum (basal, intermediate, and transitional layers) are evident. 
The lower ends of the cells of the basal layer bulge into the dermis, 
that the epidermal-dermal boundary is uneven. Numerous 
anastomosing, blood-filled sinus capillaries in the superficial layer 
of the dermis are lined by pigment-laden endothelial cells. 
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Figure 12.93 



Figure 12.89 
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12. Merkel' s cell 

1 3. Mucous connective tissue 



1. 



ipose tissue 

2. Blood vessel 

3. Bone 

4. Dermal papilla 

5. Dermis, central layer 

6. Dermis, intermediate layer 

7. Dermis, superficial layer 

8. Epidermal peg 

9. Epidermis 

10. Fibroblast 
1 1 . Herbst corpuscle 



1 4. Oral cavity 



1 5. Palatine ridge 



16. Periosteum 



1 7. Sinus capillary 

1 8. Sinus capillaries 

1 9. Stack of nuclei 

20. Stratum corneum 
. Stratum germtnativum 

22. Tomial edge 









Figure 12.93. Comb, Hen. The comb of a laying hen 
with that or a rooster, contains less mucous connective tissue and 
more dense connective tissue in the intermediate layer, as well as 
fewer and smaller sinus capillaries in the superficial layer of the 
dermis ( 



compared 



/ 






Fig. 12.94). 



Figure 1 2.94. Comb, Hen. Detail of the epidermis and a portion 
f the dermis in Figure 1 2.93. Fewer and smaller sinus capillaries 
are in the superficial layer of the dermis of the comb of the laying 
hen as compared with that of the rooster. Note the arrangement 
of the nuclei of epidermal cells into stacks. 



o 



Figure 12.95. Comb, Hen. Numerous Merkel's cells are located 
along the inner surface of the epidermis. These cells are associated 
with tactile nerve endings. 



Figure 1 2.96. Upper Beak, x.s.. Chicken. One side of the upper 

beak is shown. The bone of the premaxilla is covered by 
riosteum, dermis, and epidermis with a thick layer of hard k 
The dermis of the lateral surface of the upper beak often contains 
Herbst corpuscles; one corpuscle is shown here (see Fig. 9.35 for 
detail of this corpuscle). Dermal papillae of the lateral surface di- 

beak slips inside the upper beak be- 

of the media! 



a pe- 
eratin. 



Figure 12.91 



x 1 2.5 
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ftS 



minish medially. The 

tween the palatine ridge and the stratum corneum 
surface. 
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11 



Figure 12.97. Upper Beak, x.s., Chicken. Detail of dermis and 
epidermis of the tomial edge of Figure 1 2.96. Cells of the stratum 
basale vary in height and width, so that intermittent groups of tall 
slender cells form epidermal pegs between which project dermal 
papillae. 
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Figure 12.92 
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Figure 12.94 
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Figure 1 2.98. Spur, Hen. The spur cap consists 

thick stratum comeum of hard keratin. 
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Chicken. Scutes 

. Their region of 



Figure 12.99. Scutes 

are large scales that are covered by hard keratin 
overlap, shown here, forms a sulcus lined by soft keratin. 
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Figure 12.100. Scutes 
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Figure 1 2.95 



X250 



er-statning, 

Figure 12.101. Reticulate Scale, x.s., Digit, Chicken. The hard 

comeum covers the outer surface and lines 
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Figure 12.102. Digital Pad, Chicken. A thick keratinized epithe 

dermis, and a thick cushion of adipose tissue in the sub' 

cutis characterize the digital pad. 
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Figure 12.96 
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Figure 1 2.97 

1 1 6 COLOR ATLAS OF VETERINARY HIS TOLOGY 
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Figure 12.103 



x 1 2.5 



1 . Bone, distal phalanx 

2 . Capsule of connective tissue 

3. Dermis 



9. Sebaceous zone 

10. Stratum germinativum 

1 1 . Tendon 

1 2. Unauinal scale, dorsal 

surface 

1 3. Unauinal scale, ventral 

surface 

1 4. Ventral plate, claw 



4. Dorsal plate, claw 



5. Footpad 

6. Glycoq 
LooeJi 



en zone 
umen 

8. Multilocular fat cell, nucleus 
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Figure 12.103. Multilocular Fat, Digital Pad, Chicken. Multilocu- 
lar fat cells, containing numerous lipid vacuoles and a central 
cleus, are common in the subcutis of the chicken. 

Figure 12.104. Claw, l.s.. Chicken. The dotted line indicates the 

approximate location of the drawing (cross section) of the claw 

shown in Figure 12.105. 

Figure 12.105. Claw, Base, x.s., Chicken. 

Figure 12.106. Claw, Base, x.s., Chicken. Compare this pho- 
tomicrograph with Figures 1 2. 1 04 and 1 2. 1 05. Tne free edge of 

the dorsal, unguinal scale (scute type) overlaps the base or the 
claw, so that a cross section reveals a dorsal and ventral surface 
of the scale. The soft keratin of the ventral surface of the scale 
abuts the dorsal plate of hard keratin of the base of the claw. The 
dorsal plate curves ventral ly over the bone of the distal phalanx. 

Figure 12.107. Uropygial Gland, l.s., Chicken. A portion of one 

lobe of this bilobed holocrine gland shows branched tubular 
glands surrounded by a capsule of connective tissue. Each tubulaj 
gland is composed of a peripheral, sebaceous zone and an inner 
cogen zone. The latter communicates with the lumen of the 
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Figure 12.102 



x 1 2.5 



INTEGUMENT 1 1 7 









































■ 



¥ 






KEY 



4* ' 
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8, Intermediate ce 
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1 0. Lobe, lumen 

1 1 . Primary duct 
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1 3. Smooth muscle 
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Figure 12.108. Uropygial Gland, l.s., Chicken. The lumen of a 

lobe communicates with a primary duct, which passes through the 
isthmus toward the papilla of the gland. 

Figure 12.109. Uropygial Gland, l.s., Chicken. The two primary 

ducts pass through the papilla (nipple}. Their openings (not shown] 
onto the surface are surrounded by feathers. 
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Figure 12.104 



Figure 12.110. Sebaceous Zone, Uropygial Gland, Chicken. 

Portions of tubular glands are shown in cross section. The basal 
layer of the glandular epithelium is represented by the oval to flat 
nuclei of the small basal cells. A single layer of acidophilic and 
grainy intermediate cells lies on the basal layer. Cells of the thick 
central (transitional) layer accumulate lipid, hypertrophy, and de- 
generate toward the luminal surface. 
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Figure 12.1 1 1. Glycogen Zone, Uropygial Gland, Chicken. Por- 
tions of tubular glands are shown in cross section, intermediate 

cells, with an acidophilic and grainy cytoplasm, form a thick layer 
in the glycogen zone. The pale cells of tne central layer are fess 

Compare with Figure 12.1 10. 
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Figure 12.105 
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Figure 12.106 
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MAMMALS 



he digestive tract extends from the mouth to the anus. Generally, its wall is com- 
posed of an outer serosa (or an adventitia), niuscuiaris externa, submucosa, and in- 
ner mucosa. The mucosa consists of an inner epithelium, a middle lamina propria, 
and an outer muscu laris mucosae. A muscu laris mucosae is absent from the mouth, phar- 
ynx, portions oi the esophagus, and the rumen. The mouth lacks a submucosa and mus- 
cularis externa. 

hrom the lips through the nonglandular stomach, the epithelium of the mucosa is 
stratified squamous. Among other places the epithelium is keratinized on the dental pad, 
surface of the tongue, hard palate, cheek, and the nonglandular stomach of ruminants, 
horses, and pigs. The epithelium of the mucosa in the glandular stomach and the intestine 
is simple columnar; in the anal canal it is stratified squamous. 

From the mouth through the esophagus, the mucosa is moistened by the secretions 

(mucous or serous) of various glands, including the major salivary glands. Surface mu- 
cous cells and mucous neck cells of the stomach and goblet cells of the small and large in- 
testines also contribute lubricating secretions. 

I'he tongue has various small outgrowths, papillae, located primarily on its upper 
surface. These vary considerably in size and appearance. Some (filiform) have threadlike 
projections or bear spines. Some are cushion-shaped (circum vallate, fungiform), while 
others (foliate) take the form of a succession of folds. Taste buds occur in the epithelium 
of circumvallatc, foliate, and fungiform papillae. 

I he oropharynx is lined by a stratified squamous epithelium and contains mucous 
glands, except in carnivores, where the glands are mixed. A muscu laris externa of skele- 
tal muscle is surrounded by an adventitia. 

Throughout most of its length, the esophagus is surrounded externally by an adven- 
titia. J'he muscularis externa varies in composition. In the dog it is composed of skeletal 
muscle throughout its length, except in the vicinity of the stomach, where skeletal muscle 
is replaced by smooth muscle. In ruminants the entire muscularis externa is comprised of 
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skeletal muscle. In the horse and cat a switch from skeletal 



in carnivores. At the bases of the villi are invaginations of 
the epithelium, the crypts of Lieberkiihn (intestinal glands). 
Replacement of the mucosal epithelium occurs by cell divi- 
sion primarily within the crypts. A muscularis mucosae, 
consisting of two layers of smooth muscle, separates the 
crypts from the underlying submucosa. The latter is formed 
from loose connective tissue in the horse, ruminant, and 
pig. In contrast, it is composed of moderately dense con- 
nective tissue in carnivores. A lamina subglandularis may 
be present in the intestine of carnivores. The remainder of 
the wall of the intestine is comprised of a muscularis ex- 
terna of smooth muscle and a serosa. 

Compound, tubuloacinar Brunner’s glands {duodenal 
glands, submucosal glands) are mucous glands occurring 

within the submucosa and often within the lamina propria 

of the duodenum. In carnivores, sheep, and goats they are 

limited to the initial or mid-region of the duodenum; in 

horses, pigs, and cows they extend into the jejunum. Brun- 
ner's glands also project into the pyloric stomach for a 
short distance. Aggregations of lymphatic nodules, Peyer’s 
patches, are present in the lamina propria and submucosa 
of the small intestine, especially the ileum. 

The mucosa of the large intestine presents a flat sur- 
face. Villi are absent. Crypts are longer than in the small in- 
testine. Flat bands, taenia coli, consisting of longitudinally 
arranged smooth muscle and elastic fibers, occur in the 
colon of horses and pigs. Similar structures, taenia ceci, oc- 
cur in the cecum. The rectum terminates at the anal canal, 
which is lined by a stratified squamous epithelium. The ep- 
ithelium is non keratinized in the anterior portion of the 
canal and keratinized in the posterior portion, which is 
continuous with the hairy skin. Tubuloacinar anal glands 
occur in the submucosa and muscularis of the anal canal in 
carnivores and pigs. Circumanal glands occur in the sub- 
cutis around the anus of the dog. The upper portion of 
these glands is sebaceous, whereas the lower portion is 
nonsebaceous. The cells of the latter resemble hepatocytes. 
Accordingly, the nonsebaceous region is often called a hep- 
atoid gland. 

Paired anal sacs occur lateral to and below the anus of 
carnivores. Each is lined by a keratinized, stratified squa- 
mous epithelium and is located between the inner smooth 
muscle of the internal anal sphincter and the outer skeletal 
muscle of the external anal sphincter. The excretory duct of 
each gland opens into the keratinized portion of the anal 
canal. Glands of the anal sac are apocrine tubular in the 
dog. In the cat botii apocrine tubular glands and sebaceous 
glands surround the anal sac. 

The liver is a large, lobed gland. Each lobe is covered 
by a mesothelium, beneath which is a thin connective- 
tissue layer, the capsule of Glisson. Each lobe is divided 

into numerous classic lobules. These consist of sinusoids 
and of plates of parenchyma cells, hepatocytes, radially or- 
ganized about a central vein. Lobules are indistinctly sepa- 
rated from one another in all animals except the pig, in 
which an abundance of connective tissue between lobules 
clearly identifies their boundaries. Portal tracts (areas) oc- 
cur at the interstices of three or more lobules. Each tract 
contains one or more branches of a portal vein, hepatic 
artery, bile ductule, and lymphatic vessel. These various 
components are supported by a framework of connective 
tissue. 



to smooth muscle occurs in the caudal third of the esopha- 
gus, whereas in the pig the change occurs just cranial to the 
diaphragm. 

The mucosa of the esophagus is lined by stratified 
squamous epithelium. The longitudinally arranged smooth 

muscle of the esophageal muscularis mucosae varies in 

amount from anterior to posterior. It is in the form of iso- 
lated bundles anteriorly and a continuous sheet posteriorly 
in the cat, horse, and ruminant. In the dog and pig it is ab- 
sent anteriorly and appears as a continuous sheet posteri- 
orly. 



Mucous or mixed glands occur in the submucosa of 
the esophagus. In the cat, horse, and ruminant, glands oc- 
cur only at the junction of the pharynx and esophagus. In 
the pig they occur anteriorly, diminish in the mid-region, 
and are sparse caudally. In the dog they occupy the entire 
length of the esophagus and extend into the stomach for a 
short distance. 

The horse, ruminant, and pig have a nonglandular 
forestomach and a glandular stomach. In ruminants the 
forestomach is divisible into a rumen, reticulum, and oma- 
sum. The glandular stomach of ruminants is the aboma- 
sum. The car and dog have a glandular stomach, but lack a 
forestomach. In all of these animals the glandular stomach 
consists of cardiac, fundic, and pyloric gland regions. The 
cardiac gland region is relatively small in all but the pig. 

The epithelium of the glandular stomach invaginates 
into the lamina propria, forming tubular structures called 
gastric pits (foveolae). Depressions of the mucosa known as 
gastric furrows are also present. 

Various tubular glands empty into the bottom of the 
gastric pits. Mucous glands with occasional parietal cells 
are the principal type found in the cardiac gland region. In 
the fundic gland region glands are constructed mostly of 

parietal and chief cells, which secrete hydrochloric acid and 
pepsinogen, respectively. \ he glands of the pyloric gland 
region are mainly of the mucous type with interspersed 
parietal cells. 

In carnivores the mucosa of the fundic gland region is 
separated into an adoral, narrow, and thin light zone and 
an aboral, wide, and thick dark zone. These zones are read- 
ily v isihle on gross examination of the mucosa and are dis- 
tinguishable histologically. The stomach of the cat has a 
thick layer of connective tissue between the base of the 
glands and the muscularis mucosae called the stratum com- 
pactum. Tliis may be capped by a layer of fibroblasts, the 
stratum granulosum. The combination of these cells and 
the stratum compactum is called the lamina subglandu- 
laris. The latter may be absent in dogs. A submucosa, mus- 
cularis externa of smooth muscle, and serosa complete the 
wall of the stomach. 

1 lie intestines of mammals consist of a small intestine 
(duodenum, jejunum, and ileum) and a large intestine (ce- 
cum, colon, rectum, and anal canal). In both the small and 
large intestine, the epithelium is simple columnar with a stri- 
ated border. Goblet cells occur among the columnar cells. 
The former increase in number from anterior to posterior 

with the greatest number occurring in the large intestine. 

Villi are confined to the small intestine in mammals. 

They are short and thick in ruminants but long and slender 
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Depressions between the folds are called sulci. The epithe- 
lium is simple columnar except at the base of the sulci, 
where it is cuboidal. The wall of the proventriculus consists 
of large, compound, tubular glands. The secretory cells, 

which are cuboidal to low columnar, produce both pepsino- 
gen and hydrochloric acid, thus combining the function of 
mammalian chief and parietal cells. Each gland opens to the 
lumen of the stomach through a conical papilla. 

The ventriculus is a highly muscular grinding organ. It 
is lined by an epithelium that invaginates into the lamina 
propria, form ing elongated pits, each of which bears termi- 
nal tubular gastric glands. Cells of the latter secrete a thick, 
horny material. Although keratin- 1 ike, this substance, usu- 
ally called keratinoid, is not chemically equivalent to ker- 
atin. It forms the tough inner lining, about I mm thick, of 
the ventriculus. 

The intestine of the chicken is similar in structure 
throughout its length. It consists of a duodenum, jejunum, 
ileum, and large intestine. A pair of blind, elongated ceca 
join the intestine at the junction of the ileum and large in- 
testine. The terminal end of the large intestine joins the co- 
prodeum of the cloaca. Villi are present throughout the 
small and large intestines. They are longest in the duode- 
num, but gradually shorten and thicken caudaHv. In the co- 
prodeum they are stumpy and rounded. Villi are present in 
the ceca also, becoming flattened toward the blind end. 
Crypts of Lieberkiihn are short and open between the villi, 
as in mammals. Although the wall of the intestine of the 
chicken is similar to that of the mammal, the absence of 
duodenal glands and an extremely thin submucosa in the 
chicken are notable differences. 

As in mammals, the liver is covered by a mesothelium 
beneath which is a layer of connective tissue, Glisson’s cap- 
sule. Lobes of the liver are subdivided into numerous lob- 
ules indistinctly separated from one another. The radiating 
plates of hepatocytes in each lobule are two cells wide in 
the chicken. In contrast, those of mammals are one cell 
wide. 



Bile, secreted by hepatocytes, enters tiny bile canaliculi 
from which it flows into the canals of Bering, located close 
to each portal tract. The canals unite with the bile ductule 
of a portal tract. Bile ductules lead into bile ducts. The ep- 
ithelium of bile ductules is simple cuboidal, whereas that of 
the bile ducts is simple columnar. Goblet cells occur in the 
largest bile ducts. 

The gallbladder is a storage depot for bile. Its mucosa is 
thrown into numerous folds when the bladder is contracted. 
When it is distended, they mostly disappear. The simple 
columnar epithelial lining has a striated border. Goblet cells 
have been reported in the epithelium of the cow. We have 
also observed them in the goat. Mucous, serous, or mixed 
glands are often seen in the wall of the gallbladder of rumi- 
nants. The smooth muscle of the muscularis is arranged cir- 
cularly (mostly oblique, according to some) for the most 
part. The gallbladder is absent in the horse. 

The pancreas consists of numerous tubuloacinar secre- 
tory units, which form the exocrine component of the or- 
gan. Clusters of epithelial cells, the endocrine islets of 
Langerhans, are scattered among the secretory units. Tubu- 
loacinar units drain into long, narrow intercalated ducts, 
which are lined by elongated cells that present a cuboidal 
appearance when sectioned transversely. Intercalated ducts 
communicate directly with interlobular ducts. Striated (se- 
cretory) ducts are not present. Unlike salivary glands, my- 
oepithelial cells are lacking around the secretory units. 
Pacinian corpuscles are commonly found within the con- 
nective tissue of the pancreas of dogs and cats. 



CHICKEN 



In the chicken the salivary glands are all of the mucous va- 
riety. They are located in the roof and floor of the oral cav- 
ity, tongue, and pharynx. Taste buds are present but 
sparse. They are associated with the ducts of salivary 
glands at the base of the tongue and the pharynx. 

The esophagus has the usual seven layers. It is lined by 
a thick, nonkeratin ized, stratified squamous epithelium. 
The muscularis externa is composed of smooth muscle 
along the entire length of the esophagus. Mucous glands 
occur in the lamina propria, but are lacking throughout 
most of the crop, which is a caudal diverticulum located ap- 
proximately two-thirds of the way dowm the esophagus. 
The crop has a structure identical to the rest of the esopha- 
gus, hut it lacks mucous glands. 

The stomach of the chicken consists of a glandular 
proventriculus and a muscular ventriculus (gizzard). The 
mucosa of the proventriculus is thrown into folds (plicae). 



The gallbladder of the chicken is similar to that of the 
mammal. The mucosa is lined by a simple columnar ep- 
ithelium and is strongly folded into villuslike projections 

when contracted. 

The pancreas of the chicken resembles that of the 
mammal. The exocrine portion is tubuloacinar. Lobulation 
is indistinct because of the lack of interlobular connective 
tissue. Islets of Langerhans are abundant. Two types of 
islets, alpha and beta, can be easily recognized. Columnar 
alpha cells characterize the alpha islet. Polygonal beta cells 
are the principal cells of the beta islets. Alpha islets produce 
glucagon, whereas beta islets form insulin. 
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Figure 13.1. Lip, Sheep. The section was taken through the j unc- 
tion of the hairy and nonhairy portions of the lip. The stratum 
granulosum is present in the epidermis of the hairy portion of the 
up, but disappears at the junction with the nonhairy portion of the 
lip. Portions of hair follicles are present. 

Figure 13.2. Lip, Sheep. Oral surface of the lip with mixed labial 
glands among the skeletal muscle. 

Figure 13.3. Lip, Sheep. Mixed labial glands within the skeletal 

musculature. 

Figure 13.4. Cheek, Sheep. The mucous membrane of the cheek 
of ruminants is characterized by numerous, conical papillae. The 

apex and lateral surfaces of the papillae are highly keratinized. 
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Figure 13.5. Developing Permanent Tooth, Dog. The ectoder- 

mally derived enamel organ has differentiated into the outer and 
inner enamel epithelium and the stellate reticulum. The dental 
Daoilla, derived from mesenchyme, is in contact with the inner 
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Figure 13.6. Developing Permanent Tooth, Dog. Dentin and 
enamel formation has begun (see Fig. 13.7). 

Figure 13.7. Dentinoenamel Junction, Developing Permanent 

Tooth, Dog. Odontoblasts cover the surface of the mesenchymal 
dental papilla. These cells produce predentin (uncalcified dentin}. 
The pale layer of predentin abuts the recently calcified dentin. The 
enamel organ consists of tall, columnar ameloblasts that produce 
enamel; a stratum intermedium; and the stellate reticulum. 

Figure 13.8. Root of Tooth, x.s., and Periodontal Ligament, Dog. 
The periodontal ligament consists of bundles of collagenous fibers 
blood and lymphatic vessels, nerves, and cells (most! 

extend between, and anchor to, the cementum 
of the tooth and the alveolar bone. The ends of the fibers that are 
embedded in either cementum or bone are called Sharpey s 
fibers. They are indistinct in this micrograph. 

Figure 13.9. Upper Deciduous Tooth, Decalcified, and Gingiva 

l.s., Dog. The enamel space identifies the location of enamel be- 
fore it was lost during decalcificahon. The attachment (junctional) 
epithelium of the gingiva is non keratinized stratified squamous 

:ks papillae of connective tissue. It abuts the enamel region 
continuous with the papillafed, keratinized stratified squa- 
mous epithelium of the free gingiva. 
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Figure 13.6 
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Figure 13.10 
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Figure 13.10. Dental Pad, Cow. The dental pad of ruminants is 

distinguished by its thick stratum corneum and well-developed 
papillae of connective tissue. 

Figure 1 3. 1 1 . Epithelium, Dental Pad, Sheep. The section shows 

a thick stratum corneum and underlying stratum spinosum. A 
horn, a tubulelike structure, extends through the stratum corneum. 

Figure 13.12. Hard Palate, Caudal, Dog (Masson's). All domes- 
tic mammals, except the pig, have glands (mucous or mixed) in the 
submucosa of the caudal portion of the hard palate. The cranial 
portion lacks glands in all of the domestic mammals. 

Figure 13.13. Hard Palate, Pig. Lan je trre 

scattered throug 

Figure 13.14. Soft Palate, Cow. Mucous glands and adipose tis- 
sue occupy portions of the lamina propria and submucosa. The 
epithelium is stratified squamous and keratinized. 
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Figure 13.18 
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Figure 13.15 
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1 . Connective tissue, papilla of 

2. Connective tissue, papilla of (caudal) 

3. Connective tissue, papilla of (rostral) 

4. Filiform papilla, projection of 

5. Fungiform 

6. Sensory ce 



7. Skeletal muscle 

8. Small papilla 

9. Spine 

1 0. Stratum spinosum 

1 1 . Supporting cell, nucleus 

1 2. Taste pore 



f 



J* 






s 



■ 






v 















fc \ 



papilla, core 
11, nucleus 






f 



M 





















I 






r 



:! 



* 













■ 



mm 









M 



- 









L hr 






» 4 












• *B 



'-J* 






* 






i 



1 












■i 



Figure 13.15. Filiform Papilla y Tongue, Cat. The filiform papilla 

carnivores contains several, small, rostral papillae of connective 
tissue and a large, caudal papilla of connective tissue. A large, ker- 
atinized spine is associated with the caudal papilla. 

Figure 13.16. Filiform Papillae, Tongue, Horse. In horses and 

pigs delicate, threadlike, keratinized projections extend from the 
upper surfaces of the filiform papillae. The papillae of connective 
tissue are long, but are not subdivided. 

Figure 13.17. Fungiform and Filiform Papillae, Tongue, Goat 
This section is from the tip of the tongue. The fungiform papilla is 
moundlike in section with a broad, core of connective tissue con- 
taining numerous nerves. Portions of keratinized filiform papillae 
appear on either side. In ruminants the connective tissue of filiform 

papillae is subdivided into several small papillae. 

Figure 13.18. Taste Bud, Fungiform Papilla, Tongue, Horse. The 

taste bud is embedded within the keratinized stratified squamous 
epithelium of a fungiform papilla. Supportive and sensory cells are 
visible within the bud. The nucleus and cytoplasm of the sensory 

slightly darker than those of the supporting cells. 



R 



- 



-1 



T 



P« 



- 



*Li 



i 



■ 






r" 



Y* 



k T 



A 



it 



— 



3 



■.I 






# 



i 



' 



o 






m * 



\ 






- 



- 



- iPA 1 

Ti f 

w 






i v . 






M 



4 



i l 






l 



l 



ft 









4 



%■ 






■m 



. 



af 









J 



d 






P 



■ 






. 



V£ 






■R 






» 



K 



A { 



* 



l»! 



4 






A 






■rl 



a 






— t. 



ri 1 






t . 



i 



r * 



4 



>3 



v - 



■a- 



a 



*- 



i 



* ■ 









V 



1 






■ 4 . 



a 



V ' 



L- 



il 






\ 



■ 






■ 









■ a- 



I 



r _ 



V 



J 



' 



V 






i 



a 



ii 



v JB # 



r» 



j 


















\ , 



^>4 



B 



ii 












* 



1 1 



s 



R 



i 3 



.ft' E 



I 






<1 



■ 






a 



a ■ 









a 



tf! 






1 






P. 4 - 



F 



r. 



P a 






r I 



riHid 



a I 



m 






Figure 13.16 
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Figure 13.19 
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1 . Connective tissue, core of 4. Lingual salivary gland 

2. Connective tissue, papilla of 5. Stratified squamous epithelium 

3. Duct 



Figure 13.19. Circumvallate Papilla, Tongue, Goat. This large 

K ilo lies within a depression of the lingual epithelium. Taste 

occur within the epithelium of the papula facing the 
the depression, but are usually absent from the upper surface of 
the papilla. 
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Figure 13.20. Conical Papilla, Tongue, Goat This highly kera- 
tinized papilla Is located on the upper surface of the tongue. 

Figure 13.21. Lingual Salivary Glands, Horse. Both mucous and 

serous glands occur between the skeletal muscle bundles of the 
tongue. 

Figure 13.22. Musculature, Tongue, l.s., Cat The vertical, hori- 
zontal, and transverse arrangement of the lingual skeletal muscu- 
lature can be seen below the mucosal papillae. 

Figure 13.23. Parotid Gland, Horse. Portions of several lobules 

are shown. Lobules are often delineated by space artifacts. See 

Fig. 1 3.24 for detail of a lobule 
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Figure 13.22 
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Figure 13,24 






1 . Basal stations 



5. Secretory unit 



f 



2. Intercalated duct 
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Figure 13.24. Parotid Gland, Horse. Serous acini, intercalated 

ducts, and striated (secretory) ducts are present. The latter show 
dearly defined basal striations. 
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Figure 13,25. Parotid Gland, Dog. Serous acini and intralobular 
ducts are shown 
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Figure 13.26, Parotid Gland, Cow. The secretory units are lined 

by pale, acidophilic cells with large nuclei. The cel Is vary in height, 
giving the luminal surface a scalloped appearance. This feature is 
unique to the cow. 



Figure 13.25 






Figure 13.27. Submandibular Gland, Dog. Mucous acini (some 
with serous demilunes) and serous acini characterize the 
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Figure 13.28. Submandibular Gland, Sheep. Intercalated ducts 

branching from a striated duct. 
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Figure 13.26 



x250 






r" 









% 









Figure 13,27 



xl 25 









128 

































DIGESTIVE SYSTEM 1 29 


























































8 . 



9. 



■ 









1 0, Mucous acinus 









11 . 









B 



13 . 



■ 



e 



lum 



14, 















Pig. In the pig 

* ^ t ■ 



Figure 13.31. Sublingual Gland 
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1 3.32. Interlobular Duct, Sublingual Gland, Pig. 
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Figure 13.32 
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Figure 13.34. Oropharynx, Dog (Orcein). A thick band of 

nective tissue, containing numerous elastic fibers, parallels the 
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Figure 1 3.35. Esophagus, Mid-Region, 

the dog's esophagus are predominantly 

in the submucosa throughout the length of the esophagus of the 
dog. The muscularis externa is skeletal muscle, except very near 
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Figure 1 3.36. Esophagus, Near Stomach, l.s.. Dog. The muscu- 

laris externa of the dog's esophagus is composed of skeletal 
cle, except in the region caudal to the diaphragm, where the mus- 
culature is mixed. 

Figure 13.37. Esophagus, Cranial, l.s., Cat. A few m ixed glands 

are present in the submucosa. In the cat, horse, and ruminant, 

esophageal glands occur only near the junction of the esophagus 

d pharynx. The stratified squamous lining of the esophagus of 
carnivores is typically non keratinized. In the cat and horse the 
muscularis externa is skeletal muscle throughout much of the 
esophagus. The transition from skeletal to smooth occurs in the 
caudal one-fifth to one-third of the esophagus in these animals. 

Figure 13.38. Esophagus, Cranial, x.$., Horse. The papi Hated 

stratified squamous epithelium sho ws a distinct keratinized layer. 
The epithelium is also keratinized in pigs and ruminants. A sparse 
muscularis mucosae is present in the cranial esophagus in the 

horse, cat, and ruminant. The muscularis externa consists of skele- 
tal muscle in this region. 

Figure 13 

mous epithel 

the abundance of mucous glands in the submucosa. In the cranial 
portion of the esophagus, a muscularis mucosae is absent in the 

pig and dog. The muscularis externa consists of skeletal muscle in 

this region. 
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Figure 13.36 
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Figure 13.40. Esophagus, Mid-Region, l.s., Pig. Note the de- 
crease in qiandular tissue and the presence of a muscularis mu- 
cosae. Compare with Figure 1 3.39. The muscularis externa 
sists of skeletal muscle in this region. 
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Figure 13.40 



Figure 13.41. Esophagus, Caudal, x.s., Pig, The region of the 
pig's esophagus just cranial to the diaphragm shows the presence 
of smooth and skeletal muscle in the muscularis externa, a lack of 
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13.42. Esophagus, Caudal, x.s.. Pig. Detail of Figure 

1 3.41 shows the smooth and skeletal musculature of the muscu- 
laris externa. 
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Figure 13.44. Rumen, Sheep 

entiated into paddle-shaped papillae. 

Figure 13.45. Rumen, Cow. A part of the wall from the lumen to 

the beginning of the musculoris externa (smooth muscle). A com- 
plete snort papilla and a portion of a long papilla are included. 
Note the submucosa entering the long papilla. A muscularis mu- 
cosae is not present in this part of the forestomach. 

Figure 13.46. Rumen, Sheep. Section shows two cuts through ad- 
jacent long papillae. These papillae are flat, paddlelike, structures 

Fig. 1 3.44). The bottom one in the photograph was cut par- 
allel to the flat surface, and the top one was cut perpendicular to 
the flat surface. A dense, more darkly stained band of connective 
tissue mimics a muscularis mucosae. 

Figure 13.47. Rumen, Sheep. Section illustrates the vacuolated, 

keratinized cells of the stratified squamous epithelium 

Numerous capillaries abut the epithelium. 

Figure 13.48. Reticulum, Sheep. The 
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Figure 13.45 
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Figure 1 3.49. Reticulum, Cow. Short folds and the base of a long 

fold are visible. A muscularis mucosae occurs in the upper seg- 
ment of the long fold. This is a characteristic feature of the reticu- 
lum. Sides and crests of long folds have conical papillae with ker- 
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Figure 13.50. Reticulum, Sheep. Section shows a long fold cut in 
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Figure 13.51 . Reticulum, Goat (Masson's). The section is through 
the region of intersection of three long folds. The muscularis mu- 
cosae passes from one fold to another at the intersection. Two con- 

illae, with keratinized tips, project from the sides of two of 
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Figure 13.52. Omasum, Sheep. Laminae (folds) of different sizes 
extend from the wall of the omasum somewhat like the pages of a 
book. The mucosal surfaces of the laminae 
merous conical papillae. 

Figure 13.53. Omasum, Sheep 

shown contain a lamina propria and muscularis mucosae, but lack 
an extension of smooth muscle from the muscularis externa. 
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Figure 1 3.54. Omasum, Sheep. The base of a long fold is shown. 

In addition to the muscuiaris mucosae, smooth muscle from the 
muscuiaris externa projects into the center of the fold. 

Figure 13.55. Omasum, Sheep. Portions of two Iona folds 

shown. Numerous small papillae cover the surface of the folds. 

Figure 13.56. Omasum, Goat (Orcein). The lamina propria of a 

portion of a small papilla contains an extensive network of elastic 

fibers. 

Figure 13.57. Junction, Esophagus and Cardiac Gland Region 

r Stomach, Dog. Numerous glands, predominantly mucous with 
a few serous demilunes, occupy the submucosa of the esophagus 
and extend into the cardiac gland region of the stomach of dogs. 
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Figure 13.55 
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Figure 13.58. Junction, Esophagus and Cardiac Gland Region 
f Stomach, Dog. Detail of Figure 1 3.57. The stratified squamous 

us ends abruptly where the columnar 

egins. 
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Figure 1 3.59. Junction of Eso 

passes through the cardiac sphincter. 
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Figure 1 3.62. Light Zone, Fundic Gland Region, Stomach, Dog. 

The light zone of me carnivore's fundic stomach has a thinner mu- 
cosa tnan the more aboral dark zone. 
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Figure 13.64. Dark Zone, Fundic Gland Region, Stomach, Dog 

A portion of the stomach wall, including the base of a fold, is 
shown. 

Figure 13.65. Dark Zone, Fundic Gland Region, Stomach, Dog, 

The mucosa of the dark zone of the fundic stomach of carnivores 

zone. The gastric pits are compar 

no farther into the mucosa than one- 

with Figure 1 3.62. 
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Figure 1 3.65 
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Figure 1 3.66. Dark Zone, Fundic Gland Region, Stomach, Dog 

(PAS). The surface mucous cells lining the lumen, cells of the qas- 

X B ■ ■. X HI l '*a a. Jk ■. - 

trie pi 

plex carbohydrates and are PAS positive (magenta stain). 
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Figure 13.67. Lamina Subglandularis, Fundic Gland Region, 
Stomach, Cat (old). A thick layer of connective tissue, the stratum 

er of fibroblasts, the stratum 
granulosum, together form the lamina subglandularis, a structure 
seen consistently in cats and occasionally in doqs. Presumably, the 
lamina subglandularis protects the stomach from punctures by 
sharp objects. 
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Figure 13.66 
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Figure 13.68. Fundic Gland Region, Stomach, Cat. The fundic 

glands have been cut longitudinally. They are formed largely from 
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Figure 13.74. Fundic Gland Region, Abomasum, Cow. Parietal 

and chief cells of the fundic glands. 

Figure 13.75. Mucosa, Pyloric Gland Region, Stomach, Dog 

(PAS) . The content of the surface mucous cells and that of the se- 
cretory units of the pyloric glands are PAS positive (magenta 

color). 

Figure 13.76. Surface Mucous Cells, Pyloric Gland Region, 

Stomach, Dog. Columnar cells lining the gastric pits and border- 
ing the gastric lumen show typical cup-shaped concentrations of 

mucous precursor in their apical en ds. The epithel ium contains 
many migrating lymphocytes. 

Figure 13.77. Pyloric Gland Region, Stomach, Cat. Note the 

deep gastric pits. Some extend halfway through the thickness of 
the mucosa. 

Figure 13.78. Mucosa, Pyloric Gland Region, Stomach, Cat. 

Note the presence of deep qastric pits. Some extend to about half 
the depth of the mucosa. 
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1 3.79. Pyloric Gland Region, Sfomach, Cat. Basal ends of 

pyloric glands and the stratum granulosum and stratum com- 
pactum of the lamina subglandularis are present in this section. 

Figure 13.80. Pyloric Gland Region, Abomasum, Goat. Gastric 

furrows and gastric pits can be seen. 

Figure 13.81. Junction, Pyloric Gland Region and Duodenum 

i.s., Dog. Brunner's glands are located primarily in the submucosa 

They also extend a short distance into the py- 
“ |f the stomach. They occasionally break 
the muscularis mucosae and extend into the lamina pro- 
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Figure 1 3.82. Junction, Pyloric Gland Region and Duodenum 

glands of the pyloric gland re- 
ion of the stomach can be seen. Brunner's glands (mucous) occur 

mucosae. See Figure 1 3.83 for 
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Figure 13.83. junction 

Dog. Note the change in the epithelium when it passes from the 
stomach to the duodenum. Typical columnar surface mucous cells 
of the pyloric gland region or the stomach contrast with the colum- 
nar absorptive cells and goblet cells of the duodenum. 
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1 . Artifact 

2. Brunner's gland 

3. Crypt of Lieberkuhn 

5. Goblet cell 

6. Muscular! s externa 



7. Muscularis mucosae 

8. Secretory unit 

9. Serosa 

1 0. Submucosa 
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Figure 13.84. Brunner's Gland, Duodenum, I s., Dog. Detail of 

mucous secretory units. The latter, in the dog, 
columnar cells and have large lumens. Compare with Figure 

13.90 

Figure 1 3.85. Duodenum, x.s., Cat. A segment of the wall of the 

duodenum is shown. The intestinal villi of carnivores tend to be 
longer than those of noncarnivores. Note the shrinkage artifact at 
the apical ends of the villi. 

Figure 13.86. Duodenum, Proximal, x.s., Cat (Masson's}. Ducts 

f Brunner's glands penetrate the muscularis mucosae. Brunner's 

glands are marked off into distinct lobules in the cat. 

Figure 1 3.87. Duodenum, x.$., Cat (Masson's). The submucosa 

in the cat and dog is a moderately dense irregular connective tis- 
sue. In other domestic mammals it is a loose connective tissue. 
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1 . Brunner's gland 

2. Crypt of Lieberkuhn 

3. Mucosa 

4. Muscularis externa, 
inner circular 

5. Muscularis externa, 

outer longitudinal 



6. Muscularis mucosae 

7. Nerve 

8, Secretory unit 

9, Serosa 

10. Submucosa 
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■ 



Cow. Brunner's glands are pre- 

intestinal fold 



Figure 13.93. Duodenum, l.s. 

sent throughout much of the submucosa of an 
(plica). 
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Figure 13.94. Duodenum, Cow. Detail of Brunner's gland. In the 
cow some gland cells have an acidophilic cytoplasm. The lumens 
of secretory units are large. 
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Figure 1 3.96. Duodenum, l.s 

muscularis externa. Compare 
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Figure 13.97. Duodenum, Goat. Portions of the mucosa and sub- 
mucosa, The lumens of the secretory units of Brunner's glands are 
large in the goat. 
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Figure 1 3.104. Ileum, x.s,. Cat. A portion of the wall from the lu- 
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Mitotic figures can be seen in 



Figure 13.105. Ileum, Dog 
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Figure 13.106. Cecum, Tip, Dog. Large lymphatic nodules 

present in the submucosa. 

Figure 13.107. Cecum, Dog. Numerous goblet cells in the lining 

of the crypts of Lieberkuhn are characteristic of the oraan. 
ithelial cells bordering the lumen in this preparation 
gone some autolysis and look tattered. 
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Fiqure 1 3.108. Cecum, Doq. Several crypts of Lieber kuhn appear 
in cross section. A striated border is present on the columnar cells. 
Goblet cells 

Figure 1 3.109. Cecal Band, x.s., Horse. A cecal band consists of 

an admixture of smooth muscle (thickened outer longitudinal layer 
of the muscularis externa) and elastic fibers. Elastic fibers are pre- 
dominant in the bands of both the cecum and the ventral large 

colon of the horse. Compare with Figure 1 3.1 1 2. 

Figure 1 3. 1 1 0. Cecum, Horse. Veins with bands of smooth mus- 
cle in their walls are common in the submucosa throughout the di- 
gestive tract of the horse. Similar vessels are shown at low magni- 
fication in Figure 13.109. 

Figure 13.111. Cecum, Cow. In the large intestine of ruminants 

hr pts of Lieberkuhn are usually tortuous. Adipose tissue is 
ant in the submucosa. 
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Figure 13.1 1 2. Taenia Coli, Small Colon, x.s.. Horse. The taenia 
coli are thickenings of the outer longitudinal layer of the muscu- 

externa. In contrast to the bands of the cecum and ventral 
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large colon, where elastic fibers are predominant, smooth muscle 
predominates in the bands of the small colon and dorsal large 

colon. Compare with Figure 13.109. 
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Figure 13.117 
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Figure 13.1 1 3. Taenia Coli, Colon, x.s 

coli is formed from the outer Ion gitudinal layer of the muscularis 
externa. The submucosa is infiltrated with fat. 



•/ 



Figure 13.114 



Figure 13.114. Spiral Colon, x.s.. Goat. The mucosa contains 
both tortuous and straight crypts of Lieberkuhn. The muscularis ex- 
terna shows an abrupt thickening of its inner circular 
outer longitudinal layer. 

Figure 13.1 15. Spiral Colon, X.5., Goot, The columnar epithelial 

ills have a distinct striated border. 

Figure 13.116. Rectum, x.s.. Cat. The epithelium of the rectum 

presents a flat, uniform surface. 

Figure 13.1 17. Rectoanal Junction, l.s.. Dog. Note that the anal 

glands mark the junction (arrow) of the rectum and anal canal. 
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Figure 13.116 
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are often called hepatoid glands because their cell 
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lure 13x125, Circumanal Glands Doq. Detail of a part of 
the glands. The lower, nonsebaceous portion of these glands i 

more ac idophilic than the upper, sebaceous portion. 

Figure 13.126. Rectoanal Junction, l.s.. Horse. The stratified 

epithelium of the anal canal contrasts with the rectal 
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Figure 13.127. Rectoanal Junction, Horse. The abrupt change 

between the stratified squamous epithelium of the ana 
the simple columnar epithelium of the rectal mucosa is apparent. 
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Figure 13.132 
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Figure 13.128. Liver, Cat. Transverse and longitudinal sections 
through the central veins of two classic lobules 

Figure 13.129. Liver, Cat. Transverse section through a classic 

lobule. Sinusoids empty into the central vein. Hepatocytes radiate 
as hepatic plates from the central vein. 

Figure 13.130. Liver, Cat. The portal tract in this section includes 

branch of the hepatic portal vein and hepatic artery, bile duc- 
tule, and lymphatic vessel 

Figure 1 3.1 31 . Liver, Horse. A portal tract is at the intersection of 

three classic lobules. Branches of the portal vein can 
tending between the lobules. 

Figure 13.132. Liver, Cat (Masson's). Sections through various 

canaliculi are evident in this section. 
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Figure 13.137 
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Figure 13.133. Liver, Horse. A sinusoid joins with a branch of the 
portal vein. 

Figure 13.134. Liver, Horse. Section is through mesothelial cells 

and connective tissue of the capsule of Glisson surrounding the 
liver. Together, the mesothelial cells and the capsule of Glisson 
comprise the serosa 

Figure 13.135. Liver, Pig. Classic lobules are clearly separated 

from one another by partitions of connective tissue in the pig. 

Figure 13.136. Liver, Pia. 

sinusoids of a classic lobule 
hepafocytes 

Figure 13.137. Liver, Goaf. A large bile duct with columnar ep- 
ithelium and goblet cells. 
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Particulate-laden Kupffer cells within 
e are evident in this section. Binucleate 
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Figure 13.141 
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Figure 13.142 
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Figure 13.138. Gallbladder, Dog. A portion of the wall showing 
the highly folded mucosa. 

Figure 13.139. Gallbladder, Dog. Epithelial lining with light and 

dark columnar cells. 

Figure 13.140. Gallbladder and liver, Pig (Masson' s). Section 

shows a portion of the liver and gallbladder. 

Figure 13.141. Gallbladder, Goat. Portion of 

showing goblet cells in the epithelium. 

Figure 13.142. Gallbladder, Goat. Mixed glands occur within 

the wall of the gallbladder of ruminants. 
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Figure 13.139 
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Figure 13.140 
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Figure 13.143 



Figure 13.147 
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9. Dark cell 

10. Goblet cell 

11. Intercalated duct, I. 

1 2. Intercalated duct, x.s. 

1 3. Interlobular duct 

1 4. Islet of Langerhans 
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3. Acinus 
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5. B cells 

6. Capillary 

7. Centroacinar cell 

8. Connective tissue, septum of 



15. Light cell 



16. Muscularis 



Figure 13.143. Cystic Duct, Pig. The epithelium is composed of 

dark cells, and goblet cells. 

Figure 13.144, Pancreas, Horse. 

ules by septa of connective tissue. Most of the pancreas is formed 
from exocrine acinar cells. Islets of Langernans are scattered 
through the exocrine region of the gland. 

Figure 13.145. Pancreas, Horse 

actnar cells, interlobular ducts, and intercalated (intralobular) 
ducts. 

Figure 13.146. Pancreas, Horse. An islet of Langerhans with 
some surrounding exocrine acini. In the horse the darker, A cells 
are located in the center of the islet, while the lighter B cells are po- 
sitioned in the periphery. Compare with Figure 1 3.1 50. Note the 

numerous capillaries among cords of islet cells. 

Figure 13.147. Pancreas, Dog. Detail of acini and intercalated 
ducts. Note acidophilic 
gions of the acinar cells. 
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Figure 13.152 
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KEY 



1 . A cell 



7, Hyaline cartilage 



8. Intercalated duct 

9. Islet of Langerhans 

10. Salivary gland 

1 1 . Stratified squamous epithelium 

1 2. Taste bud 



3. B cells 

4. Centroacinar ce 

5. Duct 

6. Goblet cell 



Figure 13.148. Pancreas^ Pig* An interlobular duct with goblet 

cells interspersed among the epithelial cells of the duct. 



Figure 13.149, Pancreas, Cow (Masson's). An intercalated duct 

enters an acinus. 

Figure 13.150. Pancreas, Sheep (Masson's). In ruminants darkly 

stained A cells are located at the periphery of the islets of Langer- 
hans, while light-staining B cells are centrally located. Compare 

with Figure 1 3.146. 

Figure 13.151. Tongue, Tip, l.s., Chicken. The upper surface of 
the tongue is covered by a thick stratified squamous epith 
which is keratinized near the tip. The stratified squamous epithe- 
ium of the lower surface is thinner and also keratinized rostrally. 

tongue is supported by hyaline cartilage rostrally. The ducts of 
livary glands (mucous) open at the lower su 



x250 



4 



/ 



sa 






Figure 13.152. Taste Bud, Tongue, Base, Chicken, A taste bud 

(characteristically large a nd scarce in the chicken) can be seen 

tn the duct of a salivary gland. For detail of 



closely associated wit 

the taste bud see Figure 1 3. 1 53. 
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Figure 13.153. Taste Bud, Chicken. Detail of the taste bud seen 

s stain lightly with eosin. Numerous 
spaces occur between cells. A taste bud pore is visible. 
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Figure 13.154. Esophagus, x.s., Chicken. The esophagus is lined 

thick non keratinized stratified squamous epithelium. Mucous 

fs occur in the lamina propria. The submucosa is sparse. 
Figure 13.155. Crop, Chicken. The crop is a diverticulum of the 

esophagus. Unlike the latter, it lacks mucous glands, except close 
to its junction with the esophagus 

Figure 13.156. Proventriculus {Glandular Stomach), x.s 

Chicken, The submucosa contains lobules of compound tubular 
qlands that are arranqed around a central, secondary duct. A pri- 
mary duct, which drains several lobules, opens through 
mucosal papilla. 

Fiaure 13.157. Proventriculus, x.s,, Chicken. A magnified view 

pure 1 3. 1 56 shows that the mucosa of the papilla is arranged 

Folds (plicae) covered by columnar cells, and depressions 
(sulci) lined by shorter cells. A primary duct, lined by columnar 

lumen of the proventriculus. 
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Figure 13.155 
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Figure 13.158. Proventriculus, x.s., Chicken. A tertiary duct 

branching from the secondary duct leads into a glandular unit. 

The glandular epithelial cells vary from 
columnar and contain a grainy secretoiy material. These 
crete both pepsinogen and HCl. 

Figure 13.159. Ventriculus (Gizzard), Chicken. The pink, thick 

layer of keratinoid that lines the ventriculus is produced by 
branched tubular gastric glands in the lamina propria. The sub- 
mucosa and a portion of the smooth muscle layers of a thick 
cu laris externa are shown. 

Figure 13.160. Ventriculus, Chicken. Keratinoid lines the mu- 
cosal surface and fills the lumen of the gastric pits and glands. The 
cells of the surface epithelium are low to tall columnar. The cells 
decrease in 
cells (chief 
trie glands seen in 
glands is evident. 
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Figure 1 3.1 61 . Ventriculus, Chicken. The flattened chief cells lin- 

the mid-portion of the gastric glands become cuboidal to low 

tne gland. A few, large basal cells with 
pale nuclei and pale cytoplasm occur in the fundus of the glands. 
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Figure 13.159 



Figure 13.160 
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Figure 13.165 



Figure 13.162 
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Figure 13.166 
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Figure 13.163 
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Figure 13.162. Duodenum, x.s 

fuse and nodular) in the duodenum close to the stomach. 

Figure 1 3.1 63. Duodenum, x.s., Chicken (Mallory's). The serosa 
is thick. The submucosa is characteristically sparse. 

Figure 13.164. Ileum, x.s,, Chicken. Villi are long and slender 
with numerous goblet cells. The submucosa is thin 

Fiaure 13. 165. Cecum, Tip, l.s., Chicken. In the tip of the cecum, 

short and broad. Compare Figure 11.51 of the cecal ton- 



Chicken. Lymphatic tissue (dif- 
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Figure 1 3. 1 66. Large Intestine, x.s 

the chicken's large intestine. 
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Figure T3.167. Cloaca, l.s., Chicken. The cloaca is subdivided 

into three regions: the coprodeum, urodeum, and proctodeum. 
The large intestine is continuous with the co prodeu m. The ureters 
and genital ducts terminate in the urodeum. The terminal proc- 
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Figure 1 3. 1 67 



Figure 13.168. Coprodeum, Cloaca, Chicken. The mucosa of the 

coorodeum is thrown into short, flat villi. Shallow crypts of 

n open at their bases. Simple columnar epithelium cov- 
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Figure 13.169. Cloaca, l.s., Chicken. Branched tubular glands 

(modified crypts) form a part of the lymphoglandular ridge of Jolly 
located in the dorsal proctodeum. The epithelium of the ridge con- 
sists of tall columnar cells. A portion of the stratified squamous ep 
ithelium of the inner surface of the ventral cloacal lip 

Figure 13.170. Cloaca, l.s.. Chicken. A large Herbst corpuscle 
lies beneath the stratified squamous epithelium of the cloacal lip. 
These corpuscles occur, typically, dose to the latter's point of junc- 
ture with the simple columnar epithelium of the proctodeum. 
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Figure 13.171 
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Figure 13.171. Liver, Chicken. Central veins of several lobules 

are evident. One lobule is indicated by a dashed line. 

Figure 13.172. Liver, Chicken. Sinusoids can be seen entering a 
central vein. Radiating plates of hepatocytes are two cells thick in 
the chicken. 

Figure 13.173. Liver, Chicken (Silver). The wall of a central vein 

and surrounding cords of hepatocytes (whose cellular features are 
indistinct in this preparation) are supported by a network of retic- 
ular fibers that have been blackened with silver. 

Figure 1 3, 1 74. Pancreas, Chicken, Numerous portions of tubu- 
loacinar serous glands surround an alpha islet of Langerhans, Al- 
pha islets consist primarily of columnar A cells and a few D cells 
and are larger than beta islets. Erythrocytes in capillaries can 
seen between cords of islet cells. 

Figure 13.175. Pancreas, Chicken. Beta islets contain polygonal 

B cells and some D cells and are smaller than alpha islets. 
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Figure 13.173 
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MAMMALS 



he urinary system of mammals is comprised of the paired kidneys, renal pel vises, 
ureters, urinary bladder, and urethra. 

The kidneys are highly vascularized, compound tubular glands that function to 
maintain the composition of body fluids at a constant level and to remove excretory 
wastes. Each kidney is surrounded by a capsule of connective tissue, which may contain 
a distinct layer of smooth muscle in its deepest portion, as in the cow, sheep, and goat. 
Both the cortex and medullary regions of the kidney are formed principally of numerous, 
closely packed, uriniferous tubules. The spaces between tubules are mainly occupied by 
an extensive capillary network. The cortex and medulla are arranged into one or more 
pyramidal configurations called renal pyramids; the apex of each pyramid is called a re- 
nal papilla. In the cortex, groups of radially arranged tubules form the pars radiata (cor- 
tical ray or medullary rays), consisting of collecting tubules and straight portions of 
nephrons. The pars convoluta (cortical labyrinth) are located between the rays and con- 
sist of renal corpuscles and numerous proximal and distal convoluted tubules. The prox- 
imal convoluted tubules are longer than the distal convoluted tubules and comprise the 
major portion of the cortex. Proximal convoluted tubules are distinguished by the brush 
borders of their epithelial cells and the somewhat scalloped appearance of the apical sur- 
face of their cells when the latter are seen in profile. Distal convoluted tubules have a 
smooth internal surface, and their cells lack a brush border. 

Filtrate processed by the nephrons is passed to collecting tubules, which open either 
directly or indirectly via calyces into the renal pelvis through papillary ducts at the 
a renal papilla. The epithelial cells of the collecting tubules are pale and vary from 
cuboidal near the distal tubules to columnar close to the papilla. Cell boundaries are nor- 
mally clearly defined compared with the cells of the proximal and distal convoluted 
tubules. As they progress toward the renal papilla, the collecting tubules become wider. 
The terminal portion of these tubules is lined by a columnar or pseudostrati fied epithe- 
lium and is called the papillary duct. 
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i'ach renal corpuscle consists of a Bowman's capsule 
and glomerulus. The outer layer of Bowman’s capsule is the 
capsular (parietal) epithelium, a simple squamous layer. 
The inner layer is the glomerular (visceral) epithelium. It is 
formed from highly branched podocytes that surround the 
capillary loops of the glomerulus. In most histologic prepa- 
rations made for light microscopy, it is nor possible to dis- 
tinguish podocytes from the adjacent endothelial cells of 

the capillary loops. The cavity between the capsular and 

glomerular layers is the urinary space. The latter is contin- 
uous with the lumen of a proximal convoluted tubule at the 
urinary pole of each corpuscle. At the opposite, vascular 
pole an afferent and efferent arteriole unite with the capil- 
laries of the glomerulus. A portion of the distal convoluted 
tubule is positioned between the afferent and efferent arte- 
rioles. T he macula densa of the juxtaglomerular apparatus 
forms a part of the wall of the distal convoluted tubule in 
this region. Each macula is composed of closely grouped 
epithelial cells and is easily identified by the tightly packed 
nuclei of these cells. Juxtaglomerular cells are modified, 
cells of smooth muscle in the walls of afferent arterioles 
close to the glomerulus. They have an epithelioid appear- 
ance when seen in cross section. 

The medulla of each kidney is formed b om collecting 
tubules, thick and thin segments of the loops of Henle, and 
numerous vasa rectac. Thick descending portions of 
Henle’s loop are continuations of the proximal convoluted 
tubules and are located close to the corricomedullary junc- 
tion. They are straight tubules whose cells are lined by a 
brush border. Each thick descending tubule joins abruptly 
with a thin segment whose wall is formed from flattened 
cells with round, bulging nuclei. The straight, thick as- 
cending portion of each loop resembles the distal convo- 
luted tubule with which it is continuous. 

The walls of the renal pelvis, ureter, urinary bladder, 
and urethra include a mucosa, muscularis of smooth mus- 
cle. and adventitia. A submucosa may be present. The lin- 
ing of the mucosa is almost exclusively transitional epithe- 
lium. The hilus region, between the capsule of the kidney 
and the outer wall of the renal pelvis, contains loose con- 
nective tissue and adipose tissue. 

The mucosa of the ureter presents a folded appearance. 
Its transitional epithelium is separated from the muscularis 
by a lamina propria. Tubuloalveolar mucous glands occur 
in the lamina propria of the first several centimeters of the 

ureter of the horse. A submucosa is lacking in the ureter. 
The muscularis consists of inner longitudinal, middle cir- 
cular, and outer longitudinal layers. An adventitia of loose 
connective tissue surrounds the muscularis. 

The transitional epithelial cells of the urinary bladder 
become flattened when the bladder is distended with urine. 
A lamina propria and submucosa are present. Usually, 
there is a thin muscularis mucosae between these layers. 

'he muscularis, external to rhe submucosa, is composed of 
an outer and inner longitudinal and a thick middle circular 
layer. The inner and outer longitudinal layers may be in- 
complete in some areas. Much of the bladder (body and 
apex) is covered by a serosa. An adventitia of loose con- 
nective tissue is present at the neck of the bladder. 



CHICKEN 



! be urinary system of the chicken consists of large, elon- 
gated, paired kidneys. Ureters drain each kidney and open 
into the urodeum of the cloaca. There is no renal pelvis or 
urinary bladder in the bird. Each kidney is partitioned into 
a cranial, middle, and caudal subdivision. Each subdivision 

is comprised of lobules. A lobule consists of a large cortical 
and a smaller medullary component. All of the lobules that 
drain into a single branch of the ureter constitute a lobe. 

There are two types of nephrons. The cortical (reptil- 
ian) type is more numerous and lacks a loop of Henle. It is 
located entirely within the cortex. The other is the less nu- 
merous medullary (mammalian) type. It has a loop of 
! lenle (also called a medullary loop), which extends into 
the medulla. Cortical nephrons are arranged radially 
around central (intralobular) veins of the cortex. Their re- 
nal corpuscles lie approximately midway between the in- 
tralobular vein and a peripheral interlobular vein. The cor- 
tical nephron has a smaller renal corpuscle than the 

medullary nephron. The large renal corpuscles of 

medullary nephrons lie close to rhe medulla. Other than 
size, there is no structural difference between small and 
large renal corpuscles. Each glomerulus contains a compact 
mass of mesangial cells (small cells with large nuclei) at its 
center. The mass appears basophilic because of the rela- 
tively high concentration of nuclear material. A layer of 
podocytes, with large round or oval nuclei, covers the sur- 
face of the glomerular capillaries, forming the glomerular 
epithelium of Bowman’s capsule. The capsular (parietal) 

layer of Bowman’s capsule consists of a simple squamous 
epithelium. Juxtaglomerular cells and a macula densa are 
associated with the renal corpuscle at its vascular pole. 

Generally, cortical tissue located between renal cor- 
puscles and interlobular veins consists mainly of proximal 
convoluted tubules, and that located between renal cor- 
puscles and intralobular veins is comprised of distal convo- 
luted tubules. Cells of proximal convoluted tubules are low 
columnar and have a well-developed brush border. Distal 
convoluted tubules are shorter than proximal convoluted 
tubules. Their cuboida! cells lack a brush border, but the 
apex may form a projecting bleb of clear cytoplasm that 
fills much of the lumen. In cortical nephrons a short inter- 
mediate tubule (which is without a brush border, and 
which is about half the diameter of a distal convoluted 
tubule) connects proximal convoluted tubules to distal con- 
voluted tubules. In medullary nephrons long or short 
Henle's (medullary) loops connect proximal convoluted 
tubules to distal convoluted tubules. The thin segment of a 
medullary loop forms only a part of the descending limb. 
Hence, thin segments are less numerous than either thick 
descending or thick ascending portions of the loop. The di- 
ameter of a thin segment is about one-half that of a thick 
segment. The cells of the thin segment are cuboida! and do 
not stain as intensely as the cuboida! cells of the thick seg- 
ments. Apical cytoplasmic blebs of the cells of the thick seg- 
ments project into the lumen. Collecting tubuies occur in 
the more peripheral parts of the cortex. I hey are lined by 
pale cells with cuboida I to low columnar shape and are in- 
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The ureter of the chicken is a muscular duct about 2 
mm in diameter. Its wall consists of a mucosa, muscularis, 
and adventitia. It is generally lined by a pseudostrati fied 
columnar epithelium. The majority of cells are tail with a 
lesser number of cuboidal cells lying close to the basement 
membrane. The apices of the columnar cells contain nu- 
merous vacuoles filled with mucus. Beneath the epithelium 
is a thick layer of loose connective tissue containing vary- 
ing amounts of diffuse lymphatic tissue and, sometimes, a 
lymphatic nodule. The muscularis consists of an inner lon- 
gitudinal and outer circular layer of smooth muscle. A third 
outer longitudinal layer is present near the cloaca. The ad- 
ventitia consists of a layer of loose connective tissue. 



termediate in size between proximal convoluted and distal 
convoluted tubules. Collecting tubules join distal convo- 
luted tubules to perilobular collecting ducts. The latter 
unite with those of other lobules to form medullary tracts, 
each of which is surrounded by a thin, capsule of connec- 
tive tissue. Tracts group together to form a medullary cone. 

Each cone terminates in a single branch of the ureter. Cones 
and tracts contain thin and thick segments of medullary 
loops, in addition to collecting ducts. The lining epithelium 
of the smallest collecting ducts is simple cuboidal. It grad- 
ually becomes simple columnar and finally changes to 
pseudostrati fied columnar in the proximity of the ureteral 
branch. 
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Figure 14,1 



1. Adipose tissue 

2. Capsule 

3. Medulla 



4. Pars cortvoluta 

5. Pars radiata 

6 . Renal corpuscle 



Figure 14.1. Cortex and Portion of Medulla/ Kidney, Dog. Renal 
corpuscles are limited to the cortex. 

Figure 14.2. Cortex, Kidney, Dog (Masson's). Pars radiata alter- 
nate with the pars convoluta. 
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1 . Capsular epithelium 



7. Glomerular epithelium 

8. Macula densa 

9. Proximal convoluted tubule 

1 0. Smooth muscle 

1 1 . Subcapsular vein 

1 2. Urinary space 
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Figure 14.3. Capsule and Superficial Cortex, Kidney, Cat. The 

capsule consists entirely of connective tissue in the cat. 

Figure 14.4. Capsule, Kidney, Sheep. The inner portion of the 

capsule of ruminants contains a distinct layer of smooth muscle. 
Smooth muscle is also present in the capsule of the dog, horse, and 
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Figure 14.3 
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Figure 14.5. Renal Corpuscle, Kidney, Puppy. In young animals 

the podocyfes of the glomerular epithelium have round to oval nu~ 

clei. 

Figure 14.6. Renal Corpuscle, Kidney, Cat. Cells of the proximal 

convoluted tubules of the cat contain numerous fat vacuoles. A 
macula densa, consisting of closely packed cells, forms a portion 
of the wall of the distal convoluted tubule adjacent to the vascular 

pole of the renal corpuscle. 
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Figure 14.5 
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Figure 14.6 
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8. Proximal convoluted tubule 
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Figure 14.7. Cortex, Kidney, Horse. Portions of three renal cor- 
puscles, each with an accompanying macula densa, are present. 
In the horse the macula densa commonly consists of a stratified 
layer of cells. 

Figure 14.8. Cortex, Kidney, Horse. A collecting tubule with 

dearly defined cells and a smooth lining can be contrasted with 
proximal convoluted tubules whose cells possess a brush border of 

microvilli. 
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Figure 14.7 
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Figure 14.9. Cortex, Kidney, Pig. The junction of a proximal con- 
futed tubule with the capsule of a renal corpuscle is shown. 
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Figure 14,10. Afferent Arteriole, Kidney, Pig. An afferent arteri- 
ole, with juxtaglomerular ceils, is entering a glomerulus. The jux- 
taglomerular cells are epithelioid. Note that a macula densa bor- 
ders the afferent arterio e 
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Figure 14.8 
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Figure 1 4. 11 . Afferent and Efferent Arterioles, Kidney, Pi 

Junction of a glomerulus with an afferent arteriole. A macula 
densa parallels the afferent arteriole. 
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Figure 14.12. Pars Radiata, l.s., Cortex, Kidney, Horse, The 

component tubules of a medullary 

thick descending and th 
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Figure 14.13. Renal Papilla, Kidney, Dog. Papillary ducts open 
onto the tip of a renal papilla. 
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Figure 14.14. Medulla, Kidney, Dog. Nuclei of the cells lining the 

thin segment of Henle's loop are rounded; those of endothelial 
cells of the vasa recta are flattened and more darkly stained. 
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Figure 14.15. Medulla, Kidney, Horse. Various portions of 

uriniferous tubules appear in transverse section. 
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4. Thick ascending, Henle's loop 

5. Thin segment, Henle's I crop 

6. Vasa recta 



1 . Cavity of renal pelvis 



2. Collecting tubule 

3. Papillary duct 



Figure 14.16. Medulla, Kidney, Cow (Trichrome). Longitudinal 

sections of vasa rectae and portions of uriniferous tubules. The 
vasa rectae are filled with red blood cells (stained orange). 



Figure 14.17. Renal Papilla, Kidney, Goat. Papillary ducts near 
the tip of a renal papilla are lined by transitional epithelium. 
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4. Lamina propria 

5. Mucous connective tissue 

6. Muscularis 



7. Papillary duct 

8. Reticular fiber 

9. Thin segment, Henle's loop 

1 0. Transitional epithelium 

1 1 . Vasa recta 



3, 



Figure 14.18. Medulla, Kidney, Goat. A papillary duct, l.s 

some distance away from the apex of the papilla, is lined by 
columnar cells, A thin segment of Henle's loop parallels the duct. 

Fig ure 14.19. Medulla, Kidney, Goat (Silver). The collecting 

tubules are encircled by reticular fibers (sfa/ned black). The fibers 
provide a supportive framework for other portions of the 
ous tubules as well. 

Figure 14.20. Urachus, Umbilical Cord, Cow. The urachus (al- 
lantoic stalk) is lined by a transitional epithelium. A portion of the 
lining is shown. 

Figure 14.21. Ureter, x.s., Cat (Massons). The middle circular 

layer of smooth muscle of the muscularis is most evident. Inner and 
outer longitudinal layers are present but sparse in this section. 
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5. Muscularis mucosae 
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7. Transitional epithelium 
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Figure 14.22. Ureter, x.s.. Horse (Masson's), 

terior) portion of the horse's ureter contains tubuloalveolar mucous 
glands. 

Figure 14.23. Ureter, x.s 

horse's ureter lacks mucous 
inner longitudinal, middle circular, and outer longitudinal layer of 
smooth muscle. 

Figure 14.24. Urinary Bladder, Pig. The mucosa to a portion of 

the muscularis is shown. Scattered muscle 
mucosae are located adjacent to the lamina propria. 

Figure 14.25. Urinary Bladder, Cow. The bladder contains a 

muscularis mucosae between the lamina propria and submucosa. 
Only a portion of the thick muscularis is shown. 

Figure 14.26. Urinary Bladder, Goat. Numerous capi 
located beneath the transitional epithelial lining of the bladder of 
ruminants. 






proximal (an- 









tr V 






\ 






; 



■S-\ 



\ 



# - 



£ 









*.JT 4 












■ injL — — 



m 






v 






I 



j 



k 44 



r. 



. 



r 



a 






1 






> 



h " j m 






l 









* 



.• 



‘ft- 



“I 






. # 



ii * i 



. / V 



- 



■* 



■AT. 









* 






•* j 



C: 



■ 



y . 



■ 



v 















V 
























f 






\ «■ 






'yVj •*« ' * 






- ! "v 



% 



*» 






J 



PTi - i 






“ft- - ft 



y. « 






* 












c 









. 






! 









a 












+ 









fc 






I 



■r i 









'll# 


















■ 1 


















r. 



- 



Horse. Distally (posteriorly), the 
glands. The muscularis consists of an 









% l ' 

> >*v *\ 



-i 



r - • 















b_ 









. i 



' 



,> / j , JT ' * T' •* ■ . 

■S’ 4__ w. » ^ 












; *i 



■fa 



4 






< 



■ 












V*. i 



r- 






r 









■r a 






ft 






I 



k h'» 

I k • 



: * 
























ir. - 

. it 












A 



r 



p 


















Ik 






j- 









< 



«r 



s 






r 






; - 




































4 ^ 















V' - 






W 1 * 


















•* 






*• 









r’- 






,-r * 



#■ 






■ £ R4 






IjRi 






V 









•• 



4 






J- 









■ 



r V 



■ 






41 1 * 



i 



“ ¥ 















4 






t 






Figure 14.23 
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Figure 14.32 
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MAMMALS 



ir flows from the nostrils through a system of passages to the respiratory surfaces 
of the lungs. As it progresses, it becomes warmed, humidified, and cleansed of 
some of its particulate matter. Dust, which finds its way to the alveoli, is ultimately 
consumed by macrophages patrolling the tiny cul-de-sacs. The major components of the 

air-passage system arc the nasal cavity, pharynx, larynx, trachea, bronchi, and the 

ous smaller subdivisions of the bronchial tree leading to the alveoli. 

Air from the naris enters the vestibule, the first part of the nasal cavity. The vestibule 
is lined by a stratified squamous epithelium, which is continuous with the skin externally 
and with the respiratory portion of the nasal cavity internally. In the horse hairy skin con- 
tinues into the vestibule. A lamina propria and underlying submucosa support the 
vestibular epithelium. 

The respiratory portion of the nasal cavity is lined by a ciliated, pseudostrati fied 
columnar epithelium with goblet cells. The lamina propria contains tubuloalveolar 
glands. The latter are mainly serous, but mucous and mixed glands do occur. Glands are 
sparse in carnivores. A submucosa supports the lamina propria. 

The olfactory epithelium (pseudostratified columnar) is composed of olfactory {sen- 
sory) cells, supporting cells, and basal cells. Bowman’s glands, tubular and mucoserous, 
occur within the lamina propria. They open to the surface through ducts lined by cuboidal 
or flattened cells. A submucosa lies below the lamina propria. 

The nasopharynx and oropharynx are subdivisions of the pharynx. The former is 
lined by a ciliated, pseudostratified columnar epithelium with goblet cells, whereas the lar- 
ter is covered by a stratified squamous epithelium. The lamina propria contains tubular 
mixed glands in the nasopharynx and mucous glands in the oropharynx. In carnivores the 
glands of the oropharynx are mixed. A network of elastic fibers separates the mucosa 

from an underlying sheet of skeletal muscle consisting of circularly and longitudinally ar- 
ranged cells. The musculature is separated from an adventitia of loose connective tissue 
by a layer of connective tissue containing elastic networks. 
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The larynx is lined in part by a stratified squamous ep- 
ithelium and partly by a ciliated, pseudostratified columnar 
epithelium. Numerous elastic fibers are present in the lam- 
ina propria. Glands (serous, mucous, and mixed) occur in 
the lamina propria and submucosa, but are lacking in the 
vocal and vestibular folds. Hyaline and elastic cartilage 
provide support for the laryngeal wall. The elastic cartilage 
of the epiglottis may be partially or completely replaced by 
adipose tissue, as in carnivores. Skeletal muscles are an in- 
tegral part of the laryngeal structure. 

The trachea is lined by a ciliated, pseudostratified 
columnar epithelium with goblet cells. A lamina propria 
and submucosa lie below the epithelium, but are not clearly 
demarcated from one another. Glands, mostly mixed, oc- 
cur in the deeper layers of the lamina propria and within 
the submucosa. Rings of hyaline cartilage, which are in- 
complete dorsally, support the tracheal wall. A layer of 
smooth muscle, the trachealis muscle, is located dorsally in 
the trachea, (t is positioned internal to the gap in the tra- 
chea! cartilages in the horse, pig, and ruminants. In the cat 
and clog it lies external to the gap. An adventitia of con- 
nective tissue completes the wall of the trachea. 

The trachea bifurcates into bronchi, which enter the 
lungs, where they branch extensively. 1 he lungs are cov- 
ered by a visceral pleura, which is thick in large mammals 
and thinner in carnivores. Connective tissue and some 
smooth muscle form a pait of the visceral pleura. The inte- 
rior of the lungs contains a framework of connective tissue, 

rich in elastic fibers, which supports the bronchial tree and 
divides the lungs into lobules. I he interlobular connective 
tissue is sparse in carnivores. 

A ciliated, pseudostratified columnar epithelium with 

goblet cells lines the bronchi. The epithelium becomes re- 
duced in height as the caliber of the bronchi diminishes. 
The lamina propria is surrounded by a layer of obliquely 
arranged smooth muscle. The connective tissue external to 
the musculature contains mixed glands and plates of hya- 
line cartilage. In the cat the bronchial cartilages may con- 
tain elastic fibers. When seen in histologic sections, the mu- 
cosa of large bronchi has few folds. Folds increase as the 
bronchi decrease in diameter. 

The smallest bronchi give rise to suborders of bronchi- 
oles, The smallest of the latter, the terminal bronchioles, 
branch into two or more respiratory bronchioles, which di- 
vide into alveolar ducts that, in turn, empty into alveolar 

sacs. 



Alveolar ducts branch from respiratory bronchioles. 
Their thin walls are constructed entirely of alveoli. The lip 
of each alveolus of an alveolar duct contains smooth mus- 
cle arranged circumferentially. The presence of the muscle 
gives the lip of the alveolus a knoblike appearance when 
histologic sections occur at right angles ro the long axis of 

the muscle cells. 

Ultimately, each alveolar duct branches into three or 
more alveolar sacs. No smooth muscle is present in the 
sacs. Therefore, the alveoli, which form the walls of the 
sacs, do not have lips with knoblilce expansions as do those 
of the alveolar ducts. 

Alveoli are lined mainly by exceedingly thin squamous 
epithelial cells (type 1 cells). Alveoli are separated from one 
another by a thin, highly vascularized layer of fine collage- 
nous and elastic fibers. This layer, together with the squa- 
mous cells lining the adjacent alveoli, forms an alveolar 
septum. 



CHICKEN 



The nostrils, nasal cavity, pharynx, trachea, syrinx, bron- 
chi, air capillaries, and air sacs comprise the respiratory 
system of the bird. The skin enters the nostrils to the first 
part of the nasal cavity, the vestibule, which is lined by a 
modified, keratinized, stratified squamous epithelium. It is 
characterized by epithelial cells that are organized into 
columns, giving the surface a wavy appearance. The respi- 
ratory region of the nasal cavity is lined by a ciliated, pseu- 
dostratified columnar epithelium. Mucous glands occur 
within the respiratory epithelium. The olfactory epithelium 
is pseudostratified columnar. It is located in the upper por- 
tions of the respiratory regions. Its structure, like that of 
mammals, is composed of basal, sensory, and supporting 
cells. Bowman’s glands are present. 

The pharynx is lined by a stratified squamous epithe- 
lium. A dense lamina propria and less dense submucosa lie 
below the epithelium. Salivary glands (mucous) occur 
within the lamina propria <>r submucosa. Bundles of skele- 
tal muscle occur below the floor of the pharynx. 

At the anterior end of the trachea is a cranial larynx, 
which is reinforced by a cartilaginous ring. A caudal larynx 
(syrinx) is located at the posterior end of the trachea, i he 
trachea is supported by overlapping, complete cartilagi- 
nous rings. It is lined by a ciliated, pseudostratified colum- 
nar epithelium containing numerous, simple alveolar mu- 
cous glands. In the posterior portion of the trachea, the 
glands are replaced by goblet cells. A lamina propria and 
submucosa are present. Each consists of dense connective 
tissue. The submucosa is rich in elastic fibers. 

The syrinx, or voice box, is located in the thoracic cav- 
ity at the point of tracheal bifurcation into two bronchi. In- 
ternal and external tympanic membranes, located in the re- 
gion of the tracheal bifurcation, characterize the wall of the 
syrinx. Intersyringeal cartilages and a bony wedge, t he pes- 
sulus, provide support in the region of the syrinx. 

Each extrapul mo nary primary bronchus enters a lung 
as an intrapul monary primary bronchus (mesobronchus). 
Secondary bronchi stem from the primary bronchi and 



Bronchioles lack cartilage and glands. Glands, how- 
, may extend into bronchioles from bronchi in cats. 



ever 

Spirally or obliquely arranged smooth muscle forms part of 
the wall of a bronchiole. The amount of smooth muscle is 



proportional to the size of the bronchiole. Large bronchi- 
oles are lined by ciliated columnar cells, whereas the small- 
est (terminal) bronchioles are lined proximallv by ciliated 
cuboidal cells and, distally, by nonciliated cells. The mu- 
cosa of the bronchioles is folded, unless the lungs were in- 
flated at the time when the tissue was processed. 

Respiratory bronchioles branch from the ends of ter- 
minal bronchioles. They are lined by a cuboidal epithelium, 
which becomes flattened distally, and their wall contains 
some smooth muscle. Alveoli are scattered within the ep- 
ithelium. Respiratory bronchioles are best developed in the 
cat and dog. 
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branch into numerous parabronchi (tertiary bronchi) 
within the lung. The latter anastomose with each other. 
Tiny, respiratory air capillaries form extensive networks in- 
terconnecting the tertiary bronchi. 

Primary bronchi are lined by a ciliated pseudostrarified 
columnar epithelium with mucous glands and goblet cells. 
Kxtrapulmonary primary bronchi have C-shaped carti- 
lages, while the walls of intrapulmonary primary bronchi 

contain cartilaginous plates, which become scarce distally. 
Bundles of smooth muscle, mainly circular, occur below 
the lamina propria. Numerous elastic fibers are found 
throughout the connective tissue of the bronchi. 

Secondary bronchi are lined by a ciliated, columnar ep- 
ithelium with mucous cells. There is a lamina propria and 
a wefi-developed muscularis. 

Parabronchi are lined by a cuboid a 1 epithelium. A thin 
layer of connective tissue lies below the epithelium. Bundles 
of smooth muscle cells lie below the connective tissue layer. 
The inner wall ol each tertiary bronchus is pierced by nu- 



merous openings, each of which leads into a cavity called 
an atrium (air vesicle). Atria are lined by a squamous to 
cuboidal epithelium. Air capillaries, lined by squamous 
cells, open into atria. Their simple squamous lining is a res- 
piratory surface and is analogous to the lining epithelium 
of the alveoli of the mammalian lung. Numerous vascular 
capillaries surround the air capillaries and are separated 
from the latter by a basement membrane. 

Air sacs are paired or unpaired, thin-walled structures 
occurring in the cervical, clavicular, thoracic, and abdomi- 
nal regions of the body. They connect to the lungs by 
bronchi. Many of the hollow bones of the fowl contain ex- 
tensions of the air sacs. Among others, these bones include 
the sternum, humerus, pelvic girdle, and most of the tho- 
racic and cervical vertebrae. The air sacs are lined by squa- 

ciliared cuboidal, and ciliated columnar cells. The 



mous 

epithelium is supported by a thin layer of connective tissue 
consisting of collagenous and elastic fibers. The sacs are 
poorly vascularized and do not participate in gas exchange. 
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Figure 1 5.4 
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3. Bowman's gland 

A. Cartilage 
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6. Goblet cell 

7. Nasal cavity 



1 0. Sensory hairs 

1 1 . Serous gland 
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Figure 15.1. Nasal Cavity, Vestibule, Dog. This portion of the 
vestibule is supported by hyaline cartilage and lined by a stratified 
squamous epithelium. Numerous cavernous veins occur through- 
out the connective tissue of the mucosa. In addition, there are tubu- 
lar serous glands within the connective tissue, 

Figure 1 5.2. Portion of Nasal Concha, Dog, The scroll-like nasal 

conchae are supported by spongy bone ancfare covered by a mu- 
cous membrane with a ciliated, pseudostrati fied columnar epithe- 

I # 

lum. 

Figure 15.3. Olfactory Epithelium, Nasal Cavity, Dog (Mas- 
son's). This thick, pseudostratified columnar epitheli 

posed of three types of cells, Basal cells are located at the level of 
the basement membrane. The nuclei of olfactory cells form 
broad band in the central portion of the epithelium. The nuclei of 
supporting cells are pale and form the uppermost level of nuclei. 
The apices of olfactory cells bear sensory hairs 

Figure 15.4. Respiratory Epithelium, Nasal Concho, Do 

ated, pseudostratified columnar epithelium with goblet 
underlying, vascular, loose connective tissue and bone. 
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Figure 15.1 1 . Vocal Fold, l.s., Cat. Junction of the vocal fold with 

the arytenoid cartilage. 

Figure 15.12. Vocal Fold, Goat (Orcein). The vocal fold consists 

fa fold of the mucous membrane. The voca 
cal ligament, which is a band of elastic fibers. 

Figure 15.13. Trachea and Esophagus, x.s 

trachealis muscle (smooth) lies 
cartilage in carnivores. 

Figure 15.14. Trachea, x.s.. Cat. The trachea is lined by a cili- 
ated, pseudostrati fied columnar epithelium with goblet cells. The 
lamina propria contains a band of longitudinally oriented elastic 

fibers. 

Figure 15.15. Trachea, x.s., Horse. A thick band of longitudi- 
nally arranged elastic fibers extends from the lamina propria into 
the submucosa. 
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Figure 15.20 
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Figure 15.16. Trachea, x.s., Cow. In noncarnivores the trachealis 
muscle attaches to the perichondrium on the inside of the tracheal 
cartilage. The lamina propria and submucosa are both very rich 

in elastic fibers. 

Figure 15.17. Trachea, x.s„ Cow. The trachea is lined by a cili- 
ated, pseudostratified columnar epithelium with goblet 

Figure 1 5.1 8. Trachea, x.s., Sheep (Orcein). A fibroelastic 

brane surrounds the Oshaped tracheal cartilaqe and also spans 
the gap in the cartilage 

Figure 15.19. Trachea, x.s.. Goat (Orcein). Numerous elastic 

fibers occur below the epithelium. Elastic fibers are also present 
where the trachealis muscle joins with the perichondrium. 

Figure 15.20. Primary Bronchus, Extra pulmonary, x.s., Dog 

f hyaline cartilage support the wa II of the 
bronchus. Smooth muscle bundles of the muscularis occur between 
the plates and internal to them. 
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Figure 15.21. Bronchus, x.s,. Cow (Masson's). 

Figure 15.22. Bronchus, x.s., Cow. 

bronchus. Numerous lymphocytes are present below the epithe- 
lium. 

Figure 15.23. Small Bronchus, x.s., and Bronchioles, Cat. Bron- 
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Figure 15.24. Large Bronchiole, x 

serous glands extend from bronchi into the bronchioles 
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Figure 1 5.25. Large Bronchiole, x.s 

the bronchiole shown in Figure 15.24 
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Figure 1 5.26 
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Figure 15.26. Bronchioles, Pig (Orcein). The tissues of the lung 

are heavily infiltrated with elastic fibers. 

Figure 15.27. Respiratory Bronchiole, x.s., Cat. Respiratory 

bronchioles are lined by a cuboidal epithelium and have alveoli in 

their walls. 

Figure 15.28. Respiratory Bronchiole, l.s., Sheep. 

Figure 15.29. Alveolar Ducts and Alveolar Sacs, Sheep. An 

alveolar duct is characterized by the presence of smooth muscle 
arranged circumferentially in the lips of the alveoli that form its 
wall. Conversely, the alveoli of alveolar sacs lack smooth muscle. 

Figure 15.30. Alveolar Duct, x.s., Sheep. Detail of an alveolar 

duct. The smooth muscle associated with the entrance of the alve- 
oli that form the wall of the duct is evident. 
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Figure 15.29 
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Figure 15.34 
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7. Macrophage 

8. Mesothelium 

9. Septum 

1 0. Type II alveolar cell 

1 1 . Visceral pleura 



1 . Alveolar septum 

2. Alveolus 
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4. Bronchus 
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Figure 15.31. Alveoli, Cat. Detail of alveolar septa 

Figure 15.32. Visceral Pleura, Dog. The visceral pleura of carni- 
vores is relatively thin. 

Figure 15.33. Visceral Pleura, Horse. The visceral pleura of do- 
mestic mammals, except carnivores, is thick. Incomplete septa 
tend inward from the visceral pleura in the horse 

Figure 1 5.34. Visceral Pleura, Pig. Lungs are highly lobulated in 

the pig and ruminants. Unlike those of the horse, the septa are 
complete. 
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Figure 15.33 
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Figure 15.35 
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Figure 15.39 
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Figure 15.35. Parietal Pleura, Cat. Parietal pleura and inter- 
costal muscle. The parietal pleura lines the wall of the pleural 
ity. It consists of a mesotheiium and underlying connective tissue. 

Figure 15.36. Lung, Cow (Masson's). In the cow and pig, pul- 
monary veins have thick bands of circularly arrangea smooth 
muscle. 



Figure 



Figure 15.37. Nasal Cavity, Chicken. The vestibule is lined by a 

uniquely structured, keratinized, stratified squamous epithelium 
(see Fig. 1 5.38}, The vestibular epithelium blends with the epider- 
mis on the inner side of each nostril. In this microqraph these ep- 
ithelia lie to either side of a turbinate cartilag 



* 



e. 



Figure 15.38. Vestibular Epithelium, Chicken. This keratinized 

stratified squamous epithelium is characterized by the presence of 
columns of cells. The uppermost cells in each column have pyknotic 
nuclei. One or two layers of basal cells are present. The outer sur- 
face of the epithelium presents a corrugated appearance. 

Figure 15.39. Respiratory Epithelium, Chicken (Masson's). This 

iliated, pseudostratified columnar epithelium is interrupted by 

mucous glands. 
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Figure 15.44 



Figure 15.40 
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7. Olfactory cells, nuclei 
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9. Skeletal muscle 

1 0. Stratified squamous 

epithelium 

1 I . Supporting cell, nucleus 
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5. Mucous gland 

6. Nerve 
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Figure 15.40. Olfactory Epithelium, Chicken (Masson's). This 

pseudostratified columnar epithelium is similar to that found in 
mammals (see Fig. 15.3). It is composed of basal, olfactory, and 
supporting cells. 

Figure 15.41. Trachea, l.s., Chicken. Cartilag [nous tracheal rings 
are complete and overlap each other. When trs 
gitudinally, as in this preparation, the rings 
and present a lenticular profile. 
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Figure 15.41 
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x.s., Chicken. Simple alveolar mucous 

glands occur in the ciliated, pseudostratified columnar epithelium. 
Portions of two overlapping tracheal rings are present. The inner 
ring was cut through its thin edge, while the 
through its thick mi ddle region ( 
the shape of a tracheal ring that has been cut transversely). 

Figure 15.43. Trachea, x.s.. Chicken. Intraepithelial mucous 

glands are abundant in the trachea of the chicken (also 

15.39), 

Figure 15.44. Trachea, Near Syrinx, Chicken. The majority of 

the posterior, complete rings of the trachea shown here are bony 
The ciliated pseudostratified columnar epithelium of the trachea is 
followed in the syrinx by a stratified squamous epithelium 



Figure 15.42. Trachea 
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Figure 15.45. Trachea, Syrinx and Primary Bronchi, Is. 
Chicken. 



Chicken. 

Figure 1 5.47. Syrinx, l.s.. Chicken. A portion of the external tym 
panic membrane and intermediate syringeal cartilage. 



Figure 15.46. Syr 



Figure 15.46 
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Figure 15.48. Syrinx, l.s., Chicken (Orcein). Intermediate sy- 
ringeal cartilages are connected by numerous elastic fibers. 

Figure 15.49. Syrinx, l.s.,Chicken. Portion of pessulus and inter- 
nal tympanic membrane. The latter is covered by both a ciliated, 
stratified columnar epithelium and by a stratified squamous ep- 
ithelium. 
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Figure 15.50. Tympanic Membrane and Primary Bronchus, 

Chicken. Three transected bronchial cartilages. Bronchial carti- 
lages are incomplete (C-shaped). They do not extend to the medial 
side of the bronchus. 
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Figure 15.51. Lung, Chicken. Longitudinal section through a sec- 
ondary bronchus and parabronchi. The presence of numerous 
cup-shaped atria in the parabronchus distinguish this part of the 
bronchial tree from the secondary bronchus. 
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Figure 15.52. Lung, Chicken. Cross section of a parabronchus 
and a portion of an adjacent secondary bronchus. 

Figure 15.53. Lung, Chicken, Detail of the wall of a 

parabronchus. Note the continuity of the air capillaries with the 
atria. The latter are lined by an epithelium that varies from simple 
cubotdal to simple squamous. 

Figure 15.54. Abdominal Air Sac, Chicken. The wall of the air 

sac consists of a connective tissue lamina and an epithelium that 
may be simple squamous, cuboidal, or ciliated columnar. Air sacs 
are not we 



Chicken (Masson's). Many bones 



Fiaure 15.55. Humerus, x.s 
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Figure 15.54 
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Figure 15.55 
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MAMMALS 



he pituitary, pineal, thyroid, parathyroid, and adrenal glands possess certain fea- 
tures that distinguish them as organs of the endocrine system. They are very rich in 
wide, thin-walled vessels called sinusoids. The sinusoids are intimately associated 
with parenchymal cells, whose secretory products (hormones) pass directly into the cir- 
culatory system. Endocrine glands lack ducts. In contrast, exocrine glands convey their se- 
cretions (e.g., enzymes, mucus, and bile) through ducts to a mucosal or skin surface. 

Endocrine cells are not limited to the glands presented in this chapter. For example, 
hormones are secreted by interstitial cells of the testes, corpora lurea and ovarian follicles, 
islets of Langerhans, and ente r ochro m a f fin ceils of the gastrointestinal epithelium. 

The pituitary gland (hypophysis) is a major endocrine gland that is suspended from 
the hypothalamus of the brain. It releases several hormones, many of which influence the 
activity of other endocrine glands. The glandular portion, the adenohypophysis, forms 
from an outpocketing of the ectoderm of the dorsal portion of the oral cavity, called 
Rathke’s pouch. The pars distalis, pars tuberalis, and pars intermedia constitute the ade- 
nohypophysis. The neural part of the pituitary gland, the neurohypophysis, is derived 
from a ventral outpocketing of the diencephalon. It is divisible into a median eminence, 
infundibular stalk, and pars nervosa. 

1 he pars distalis is the largest portion of the pituitary gland. The parenchyma con- 
sists of irregular cords of cells separated by sinusoids and sparse connective tissue. There 
are two main types of parenchymal cells: chromophobes, characterized by a small amount 
of cytoplasm that stains poorly, and chromophils, with more abundant cytoplasm that is 
readily stained. The chromophils are classified as acidophils (alpha cells) and basophils 

(beta cells). Basophils tend to be larger than acidophils. Chromophobes are smaller than 
chromophils and are most evident in groups, appearing as clusters of closely packed nu- 
clei in tissue sections. 

The pars intermedia is situated between the pars distalis and the pars nervosa. In the 
horse these regions are closely apposed. In other domestic mammals the pars intermedia 
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and pars distalis are partially separated by a small cleft, the 
hypophyseal cavity, which is the vestigial cavity of 
Rathke’s pouch. I he pars intermedia consists predomi- 
nantly of basophilic cells. Follicles filled with colloid are of- 
ten present. 

The pars tuberalis is mainly located around the in- 
fundibular stalk. It is composed primarily of cords, clus- 
ters, and follicles of small, faintly basophilic cells. 

The neurohypophysis contains numerous unmyeli- 
nated nerve fibers whose cell bodies are located in the 



The parathyroid glands are classified as internal and 
external. Those that are adjacent to or embedded in the 
thyroid gland are the internal parathyroids. 1 he external 
parathyroids lie a variable distance away from the thyroid 
gland. The parathyroid glands are surrounded by a thin 
capsule of connective tissue, which may be absent where 
the glands are deeply embedded within the thyroid gland. 
A stroma of connective tissue is well developed in the pig 
and cow, but is sparse in other domestic mammals. 

The parenchyma of the parathyroid gland consists pri- 
marily of clusters and cords of principal (chief) cells. There 
are two different functional stages of the principal cell. The 
light principal cell is inactive and has a large, pale nucleus 
and pale, acidophilic cytoplasm. The dark principal cell is 
a smaller, active cell with a small, dark nucleus and a 
deeply acidophilic cytoplasm. In the sheep and goat, lighr 
cells tend to be located peripheral to the more central, dark 

cells. In the other domestic mammals these cells are dis- 
tributed randomly. 

Oxyphilic ceils are large cells with an acidophilic cyto- 
plasm and a pyknotic nucleus. They have been reported to 
occur in small numbers in the parathyroid glands of the 
horse and cow, particularly older animals. 

The paired adrenal glands arc situated close to the an- 
terior end of the kidneys. The glands are covered by a cap- 
sule of dense irregular connective tissue that sometimes 
contains smooth muscle. Clusters of epithelioid cortical 

cells also occur in the capsule. Thin trabeculae project par- 
tially into the parenchyma. 

Each adrenal gland is organized into a peripheral cor- 
tex and a central medulla. The adrenal cortex is divided 
into four zones. The zona glomerulosa {zone multiformis) 
is the outermost zone. In the carnivore, horse, and pig the 
parenchymal cells of this region are columnar and arranged 
into arcs. In the horse the columnar cells are especially tall. 
In ruminants the zona glomerulosa contains polyhedral 
cells that form irregular clusters or cords. 

The zona intermedia lies between the zone glomeru- 
losa and the zona fasciculata. It consists of small, closely 
packed cells. This zone is seen more often in the horse and 
carnivore than in the other domestic mammals. 

The zona fascicu ata, the widest zone of the adrenal 
cortex, is formed by radially arranged cords of cuboidal or 
polyhedral cells. The cords are one or two cells thick and 
separated by sinusoids. I lie cytoplasm of the cells in this 
zone frequently appears foamy because of the presence of 
numerous lipid vacuoles. 

The zona reticularis is the innermost zone of the 
adrenal cortex. It is arranged as an irregular network of 
anastomosing cords of cells surrounded by sinusoids. 

The adrenal medulla is composed mostly of columnar 

or polyhedral chromaffin cells, which form clusters and 

anastomosing cords separated by sinusoids. In domestic 
mammals an outer and inner zone of the medulla can often 

be distinguished. The former consists of larger, more 
darkly stained cells, and the latter contains smaller, more 
lightly stained cells. Ganglion cells, either individually or in 
clusters, are scattered through the medulla. Because the 

cortex and medulla interdigitate at their junction, projec- 
tions of the zona reticularis may appear within the medulla. 



supraoptic and paraventricular nuclei of the hypothala- 
mus. Their axons converge at the median eminence (ventral 
boundary of the third ventricle) and form the hypothalam- 
ohypophyseal tract. They pass through the narrow in- 
fundibular stalk to the pars nervosa (infundibular process). 
The neurosecretions of these cells move along within the 
axons and accumulate at the terminal regions of the nerve 
fibers as Herring bodies, which are best demonstrated with 
special staining methods. Overall, the pars nervosa has an 

unorganized, fibrous appearance, and individual axons are 
indistinct. Numerous pituicytes (neuroglial cells) are scat- 
tered among the nerve fibers. They possess round to oval 
nuclei and long cytoplasmic processes. Their cytoplasm 
cannot be distinguished from nerve fibers in routine histo- 
logic preparations. 

Tiie infundibular cavity, which is continuous with the 
third ventricle and lined by ependymal cells, extends deep 
into the pars nervosa in the cat and pig and to a lesser 
extent in the dog and horse. In ruminants the cavity does 
not reach beyond the infundibular stalk. These relation- 
ships are evident in midsagittal sections of the pituitary 
gland. 



The pineal gland (pineal body; epiphysis cerebri) is a 
dorsal ©pagination of the roof of the diencephalon. It is cov- 
ered by connective tissue of the pia mater and divided into 
lobules by septa of connective tissue. The parenchyma is 
composed predominantly of pinealocytes, which are ar- 
ranged as clusters, cords, or follicles. II hese epithelioid cells 
have a round nucleus and acidophilic cytoplasm. Neu- 
roglial cells are also present. 

Each lobe of the thyroid gland is surrounded by a thin 
capsule of connective tissue and divided into lobules by 
thin trabeculae. The latter are continuous with sparse in- 
tralobular connective tissue that contains numerous sinu- 



soids. In the pig and cow the connective tissue is abundant. 
Each lobule consists of numerous follicles of various sizes 
that arc frequently f illed with colloid. The follicular cells 
vary in height, depending on the state of activity of the fol- 
licle. I'heir appearance changes from squamous or low 
cuboidal in the resting stage to cuboidal or columnar in the 
active stage. In an active follicle the periphery of the colloid 
adjacent to the apical surface of rhe follicular cells is vac- 
uolated. In an inactive follicle, the colloid has a smoother 
peripheral surface and vacuoles are not present. 

I Parafollicular (C) cells occur among the cells that line 
the thyroid follicles and also between the follicles. They are 
larger and have a paler cytoplasm than the follicular cells. 
Their nuclei are relatively large and pale. Parafollicular 
cells usually occur singly, but may also appear in groups, i n 
the dog these cells are particularly abundant. 
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masses of tissue consisting of pituicytes and other neu- 
roglial cells, nerve fibers, and Herring bodies. 

The pineal gland (epiphysis cerebri) is a small, conical 
body that is situated between the cerebral hemispheres and 
the cerebellum. It is surrounded by connective tissue and is 
composed of a body and a narrow, ventral stalk that is at- 
tached to the roof of the third ventricle. The parenchyma 
of the gland is arranged into lobules separated by thin 
septa of connective tissue. The lobules contain cells, pre- 
dominantly pinealocytes, that form rosettes or follicles. 

The thyroid glands are composed of numerous col- 
loid-filled follicles, as in mammals. Cells that are similar in 
function to the parafollicular cells of mammals, however, 
occur in the ultimobranchial bodies, rather than the thy- 
roid glands, of the chicken. 

Phe parathyroid glands are each surrounded by a cap- 
sule of connective tissue. The parenchyma is composed of 

irregular cords of chief cells, separated by connective tis- 
sue and numerous sinusoids. 

The adrenal glands are enclosed within a capsule of 
dense connective tissue. Unlike mammals, the parenchyma 
is not organized into a distinct cortex and medulla. In- 
stead, it is composed of intermingled cortical (interrenal) 
tissue and medullary (chromaffin) tissue. The cortical cells 
are arranged as irregular cords. These cells have dark nu- 
clei and appear columnar when the cords are sectioned 
longitudinally. In a cross section of a cord the cells appear 
tall and pyramidal with several cells arranged radially. 
Medullary tissue is composed of polygonal cells. They are 
larger than cortical cells and possess a large, round nucleus 
and basophilic cytoplasm. Ganglion cells occur among the 
medullary cells. Two ganglia (the cranial and caudal 
suprarenal ganglia) are apposed to the surface of the 
adrenal glands and are frequently included in histologic 
sections of this gland. 



CHICKEN 



As in mammals, the pituitary gland (hypophysis) of the 

chicken is attached to the base of the bram below the di- 



encephalon and is encapsulated by the dura mater. The 
adenohypophysis is composed of the pars distalis and pars 
tuberalis. A pars intermedia is absent. The pars distalis is 
divided into a cephalic region and a caudal region. Both re- 
gions contain cords of acidophils and basophils, and clus- 
ters of chromophobes. The acidophils of the cephalic 
region are pale, and those of the caudal zone are more 
darkly stained. Thus, the cephalic zone appears more 
basophilic, and the caudal zone appears more acidophilic. 
The cords of cells of the former are more closely packed 
than those of the latter. Some parenchymal cells of the pars 
distalis may be arranged around a lumen filled with col- 
loid, especially in older birds. Cysts lined by ciliated cells 

and mucous cells also occur in this part of the pituitary 
gland. 



The pars tuberalis surrounds the infundibulum and 
spreads dorsal ly over the ventral surface of the brain for a 
short distance. Ventrally, it extends to the posterior mar- 
gin of the cephalic zone of the pars distalis. The pars tu- 
beralis contains small, round to elongated, slightly ba- 
sophilic cells that are arranged in several layers. 

The neurohypophysis includes the median eminence 
of the tuber cinereum, the infundibular stalk, and the pars 
nervosa (infundibular process). The median eminence and 
the infundibular stalk consist primarily of nerve fibers, 

neuroglial cells, and ependymal cells that line the in- 
fundibular cavity. The pars nervosa has an irregular sur- 
face and consists of numerous lobules. Each lobule con- 






tains a diverticulum of the infundibular cavity that is lined 
by ependymal cells. The latter are surrounded by irregular 



ENDOCRINE SYSTEM 193 






I 






r# 



* 









x18 



Figure 16.1 
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Fiaure 16.1. Pituitary Gland, Cat. Parasagittal section showing 

an major components. In domestic mammals, except the horse, the 
cavity of Rathfce's pouch persists in the adult. (Photomicrograph of 
histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 

Figure 16.2. Pituitary Gland, Cat. Detail of the Infundibular stalk 
and pars tuberalis. Note the presence of small follicles in the pars 
tuberalis lined by faintly basophilic epithelial cells. (Photomicro- 
graph of a histologic section borrowed from the College of Vet- 
erinary Medicine, Iowa State University. 
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Figure 16,2 
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otomicrograph of a histologic section bor 

rowed from the College of Veterinary Medicine, Iowa State Uni- 
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Figure 16.3. Pituita 

and pars nervosa. 
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1. Acidophils 

2. Blood vessel 

3. Cavity of Rathke's pouch 

4. Chromophobes 

5. Follicle 



7. Pars distalis 

8. Pars intermedia 

9. Pars nervosa 
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Figure 1 6.4. Pituitary Gland, Dog. Detail of the pars distalis, pars 
intermedia, and pars nervosa. 



Figure 16.5. Pituitary Gland, Parasagittal Section, Horse. Al- 
though present in other domestic animals, the cavity of Rathke's 

:n is lacking in the horse. 



pouc 

Figure 16.6. Pituitary Gland, Horse {Alcian Blue, Orange G, 

f's Reagent). Pars distalis, pars intermedia, and pars ner- 
. Note tne presence of follicles in the pars intermedi 



Figure 16.4 
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Figure 16.7. Pituitary Gland, Horse (Alcian Blue, Orange G, 

Scniff's Reagent). Detail of the pars intermedia and pars nervosa. 
The latter has a distinctive fibrous appearance. 
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Figure 



Figure 16.10 
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5. Infundibular stalk 



2. Basophil 

3. Chromophobes 

4. Infundibular cavity 



6 . 



B 



■ 



7. Pars tuberalis 

8. Sinusoid 



Figure 16.8. Pituitary Gland, Horse (Aldan Blue, Orange G, 

Reagent). Detail of the pars distalis. In this 
acidophils are orange, whereas basophils vary from 
Chromophobes are small and pale. 



Schi 



preparation 
blue to red. 



Figure 16.9. Pituitary Gland, Horse. Detail of the pars distalis. 
Chromophobes appear in clusters and have closely spaced nuclei. 

Figure 16.10. Pituitary Gland, Horse. A portion of the in- 
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Figure 16.15 
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1 . Adipose tissue 

2. Colloid 

3. Fibers of neuroglial cells 

4. Follicle 

5. Follicle, tangential cut 

6. Follicular cell 



7. Parafollicular cell 



8 . 



9. Parathyroid gland 



1 1 . Pineal stalk 
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Figure 16.T 1 . Pineal Gland, Dog, This gland consists primarily of 
pinealocytes and is located in the midline of the epithalamus. 

Figure 16.12. Pineal Gland, Dog. Detail of the gland. 

Figure 16.13. Thyroid and Parathyroid Glands, Dog 
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Figure 16.14. Thyroid Gland, Inactive, Dog. Parafollicular cells 

(C-cells} have pale-staining cytoplasm. In the dog they are partic- 
ularly numerous and frequently occur in groups. 



Figure 16.15. Thyroid Gland, Inactive, Dog. Large, pale-staining 

oart of the cellular lining of a thy- 



parafollicular cells often form a 

raid follicle. 
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Figure 16.16 
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Figure 16.20 



KEY 



1 . Cilia 

2. Colloid 

3. Cyst 

4. Dark cell 

5. Erythrocytes in sinusoid 

6. Follicular cell 



7. Follicular cell, pigmented 



8 . Light cell 



10. Space artifact 

1 1 . Stroma 



Figure 16.16. Thyroid Gland, Active, Horse. Active thyroid folli- 
cles are characterized by tall follicular cells and vacuolated col- 
loid. Compare with Figures 1 6.1 5 and 1 6.1 7. 

Figure 16.17. Thyroid Gland, Inactive, Goat. The high degree of 
vascularity of the thyroid gland is well illustrated in this micro- 
graph. Pigment granules accumulate in the follicle cells of older 
animals. 

Figure 16.18. Parathyroid Gland, Dog. Cysts containing colloid 

frequently occur in the parathyroid gland Such cysts arelined by 

ed columnar epithelium. 

Figure 16.19. Parathyroid Gland, Dog. Both light and dark prin- 
cipal cells are visible. The active, dark cells have a nucleus with 
condensed chromatin and a dark, acidophilic cytoplasm. The in- 
active, light cells have a larger and paler nucleus and a lighter, 

asm. 

Figure 16,20. Parathyroid Gland, Cow. The stroma of connec- 
tive tissue of the parathyroid gland of cows and pigs is abundant. 
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Figure 16.19 
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Figure 16.21 
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Figure 16,21* Adrenal Gland, Dog. Adrenal cortex and capsule. 

The cells of the zona glomerulosa are arranged into arclike for- 
mations in carnivores, norses, and 
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Gland, Cat. Detail of a portion of the 



Fig ure 16.22. Adrenal 

tex, A zona i 
zona fasciculata. It is 
horses. It consists of small, 



9f 



cor- 

zona glomerulosa and 
especially well developed in carnivores and 

polyhedral cells. Cells of the zona fas- 
ciculata are characteristically highly vacuolated. 
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Figure 16.22 
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Figure 16.23. Adrenal Gland, Horse. Adrenal cortex and cap- 
sule. The zona glomerulosa consists of hicjh arcs composed of es- 
pecially tall epithelial cells in the horse. Clusters of epithelioid cor- 
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Figure 16 

medulla. The medulla is subdivided into 
stained cells and an inner portion of lightly stained ceus. 



1 



* 



\ 



* 






* % T 



* 






\ 



r. i* 



a v r ’ 



i ■ * 



outer region of darkly 



* ft* 



m 



u. 



an 



tii 



» 



> 



* 



, # 



* 



JT 






■i 



i 






■« 



vi 



Figure 16.23 



X62.5 



i 



Figure 16.24 



ENDOCRINE SYSTEM 199 


















t, 






* «: 



3lir 






*4 






. « * 






H. 



v 



V* 



i 






c% 






r # 



»■ 









0 • 






% *y 









9 



t* 






\ 









I » 









4 






■^1* b' 



« 



• fc . r. 



i 



V V 



■- 



% I 



I" 






** 



V 



i 



I 



« 









* 



* # 






a 



9 ■ 



i - 






jr 






* 






i 



* 



'< fl 



\ 



if 






«F 






i* V J 



1 



f 






V** 



>, 



<i M 



Ti 






1 






- 






.p. 



P *r d 












i 



fti 



W * ** * » 



» * * 

!»V 









» * 



» 



4tn'( %Y C • ■ 

■v. ,hV *- 

-**.«> ; \ - 
*' * n V: ' 

s* .^y' s 



* 



. 



K' 



I 



>5 ■ \ 



rt 



r. 



V.»y 



V 



1 ' 



. . V. 



M 



* 



•ff 



4 



i5fi'.W J 



■* * 



* 



I 



•f 






• * 



V 









* 



* i 



» r#«. 






r 



* V 

* ^ i * : 



*4 



# 



.. f X 



* 



#_T 















Oil 0 



»* 



* 









# i 



* 



K ' ■ 






kt 






& 



fi 



i* 



4 



i 



b > > 



F*« l 
ll. 






_ 






F 



M : 



■ 



* 






? 















" 






f* 



% 



_i 



% 



■ 






* *r* 



% . 



* 



• V o ^ £*> 

3 \*c' — * 









' r 4 > 



-S 1 



* 



J " V* - *® kj* 

*' v^vuK 

f\sS* > -I’ 



■? r 



■ 



» 



4 4 



- 






* 



■. 



#■ 



VjS 









* 









* 






* 
























?•* r 



+ 



0 



■ 



r ? 

■ ip. f * 



*! *> 









«. 



p 



U -.*1 



- 



■ 






I 



F 



•W 






:*/ ■ 



■ 






-■ 



--■ 



r S 5 



.-> 



I 



s 



1 





















A 









_•' 



.» 






► 






* 



% 



, ’ 



-i 

t-jf 

i •** r 



-* 



W + 









L 












i R 



% 



■ j- 



V* 






flr* 



*p 






«• 



1 



m 






i * > 



A 



LAV 



✓ 



i \ 



il 



♦ l 



t 



4 






i 



- f 



/r. 



>* 






' ■ 



#1’ 



Kt 



\ 



-M 



. V* % 



■ 



I 



i* 






p 



U*L 

' . *"•! --ivr 

: - Rl. WL* * 






A"> IS 









. 






<» 






t£ .V >/ ' ' •* 

? i ' J V» . 1 



v 



ftp 



4 



• *. 



£ 



* 






« 






4 



■0 



l4 W 



. 






*t , Er 

_ .«•« « *4 ^ 



i 



r 



b V VP 

_ ’w , ^ 



fri ; 



v 



■ 



tf c 












4 



#P 



* 1 

I iftP 



■F 



Mill - 

" id. ■^p" 



y 



I 






■ • 



i 









"L 1 A 






- r 



&iv£< 






M 



* ^ 



Eii 



P 



V P CJ; 0 ' 



... jf 



9 * 



• ■ 



4? 



■ 



4 



V 






' ►* 



ft # 



F 



■a 






4 1 ■ ’ I 



’•i 



’ 0 



* 



ft. 



» 



**(?! 



* • 



I 



k 



• Sp 



i4f % 



■ i 



p 



* 



r.fc 



T 









* 



fr 



ft*' 



V k • 



I f 



"i 



- 












* r 4 



>4 



it e r 1 4 






I 



< #: 



« i 



% 



R ^ 



«.! 






' i i 



* 



* 



ft 



» • 






i 



ft’ 



u 



* 



•n 









t 



i 









L 



€ 









* 



t 



t.. 



¥ 



* 



*> « • 



* 



4 ft 









A 



T*, 



■ 






^gapj 

1 4> jlaJ 



v\t 

■- fc T i'. 



r, 









I 91 






I 






i> 



a « 



i* 



K: 



. 






Af v 

gwVi M 
.:* ,b 






4 









ftt 



4’ 



fa 



*- 






f^i 






'* » 



* 

f- * 

Figure 16.30 






H 






■ 



ft 



1 if 



4 * 



'A 






u 



■ 















°* 



.1 



» * 



f 



m V 



m 






: 



3> ti 



v 



9 '■ 



*‘5*5 

- ; -<et c . e> - ... 






■ 






* 



i *• 



4 0 



m , 



r 












*> 



* 









A 



* 



4 F 



I 



® 



r 






fl 






* 









B 



Figure 16.26 



»* 



KEY 



[ 



1. 



outer reaion 



I 



L r 



k ^ s 



0 B 






2. 



ft 



4 












/ 









*: 



14 



ft': 






ce 



ic 



4r 






I 



’ 



? p40 A 



/ 



r ] 



F 



•O 






4 



es 









4 



16 



wm. 



% 



6 0 



ft 






to 



■■ 



6. 



* 



e 









i 









7. 



18. 






* 









■> T 






19. 






i 



4 



4- 



10. Infundibular stalk 



21 . 



22 . 



11 . 



F 



ft 



4* 



, inner region 



- 



- 



ft 






* 



i 



Figure 16.26 



Cow. 



f 






* 



■ 



# 



into 

ures 



ar 



* 



* 



« 



■ 



Xl 25 



in 






* 



f 



16.22, and 16.23. 
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Figure 16.28. Adrenal Gland, Sheep {Masson's} 
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1 . Acidophil 

2. Basophil 

3. Capsule 

4. Cerebellum 



8. Mucous cell 

9. Pars distalis, caudal 

1 0. Pars tuberalis 

1 1 . Pineal gland 
1 2. Pituicyte 

1 3, Sinusoid 



5. Ciliated ceil 



6. Granulocytes 
Infundibular stalk 



7 



Figure 16.3 1 . Pituitary Gland, Chicken. In the caudal zone of the 
pars distalis, the cells of the cords are more loosely arranged than 
those of the cephalic zone. Acidophils have a more intensely 
stained cytoplasm than those of the cephalic zone, and they can 
be readily distinguished from basophils. 

Figure 16.32. Pituitary Gland, Chicken. Portion of a cyst, in the 
pars distalis, lined by ciliated cells and mucous ceils. 

Figure 16.33. Pituitary Gland, Chicken. Portions of the pars tu- 
beralis and adjacent infundibular stalk. The cells of the pars tu- 
beralis are rounded to elongated with a finely granular, slightly 
basophilic cytoplasm and a round to oval nucleus. 

Figure 16.34. Pituitary Gland, Chicken. A group of pituicytes 

within the pars nervosa. Pituicytes have a clear cytoplasm and a 
large, vesicular nucleus. 

Figure 1 6.35. Pineal Gland, parasagittal section, Chicken. The 

body of the pineal gland, portion of the overlying skull, and the 



cerebellum. 
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Figure 16.36. Pineal Gland, Chicken. The parenchymal cells of 

the pineal gland are arranged as compact masses (rosettes) or as 
round to oval follicles with distinct lumens. 

Figure 1 6.37. Parathyroid Gland, Chicken. This gland consists of 
chief cells arranged into a feltwork of anastomosing cords. The 
cords are surrounded by strands of connective tissue and numer- 
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Figure 16.36 



Figure 16.38. Adrenal Gland, Chicken. Cords of cortical cells 

are interwoven between clumps and irregular masses of medullary 
cells throughout the gland. 

Figure 16.39. Adrenal Gland, Chicken. Detail of cortical and 

medullary cells. Cortical cells ore columnar. When longitudinal 
cuts have been made through cords of cortical cells, the cells form 
a bilayer. When cords are cut transversely, the cells are seen to be 
arranged radially. Medullary cells are 
cortical cells, and possess basophilic cytoplasm. They are ar- 
ranged as clumps or irregular masses. 
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Figure 16.37 
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MAMMALS 



he male reproductive system includes the testes, the system of ducts that leads from 
them, the penis, and accessory glands. 

The testes are contained in the scrotum and are compound tubular glands that are 
invested by a thick capsule of dense irregular connective tissue, the tunica albuginea. This 
capsule is rich in smooth muscle in the stallion. The tunica albuginea is covered by a peri- 
toneum, the visceral layer of the tunica vaginalis. The latter is composed of a mesothclium 
and underlying connective tissue that blends with that of the tunica albuginea. Septa of 
connective Tissue extend from the tunica albuginea into rhe testis, partially or completely 
dividing the testis into lobules. These septa are thin in ruminants and thicker in the car- 

stallion, and boar. Centrally, the septa may merge with the loose connective tis- 



nivore 

sue of the mediastinum testis. 



Within each lobule of the testis there are convoluted seminiferous tubules, i hey are 

lined by a stratified epithelium of spcnnatogenic cells and Sertoli cells. The spermatogenic 
cells give rise to spermatozoa. Spermatogonia, the most immature spermatogenic cells, are 

small, round cells with dark, round nuclei that lie adjacent to the basement membrane. 

These undergo mitotic divisions and produce primary spermatocytes, larger cells whose 
nuclei often show distinct chromatin. Primary spermatocytes undergo the first nieiotic di- 
vision, giving rise to smaller, secondary spermatocytes. Secondary spermatocytes are 
rarely observed because they undergo the second meiotic division shortly after they arise, 
forming haploid spermatids. Early spermatids are round cells with pale nuclei that occur 
in clusters toward the lumen of the semin i ferous tubule. Late spermatids are characterized 
by small, oval to elongated, dark heads and long, faint tails that project into the lumen. 
They are eventually released from the seminiferous epithelium as spermatozoa. 

Various combinations of developing spermatogenic cells occur within the epithelium 
of a seminiferous tubule. These cell associations (stages) are unique and occupy only a 
portion of the length of each tubule. The total number of different stages varies with dif- 
ferent animals; for example, rats are known to have 14 different stages, while mice have 
12 and pigs have eight. 
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The cell mix within each stage can be observed while 

examining a histologic section of the testis. In sections 
through some seminiferous tubules, for example, spermato- 
gonia, two layers of primary spermatocytes, and numerous 
early spermatids may be apparent; in another segment there 
may be spermatogonia, a single layer of primary spermato- 
cytes, and numerous early and late spermatids. Other sper- 
matogenic ceil combinations, characteristic of the animal, 
become apparent as more tubules are examined. 

Sertoli cells are fewer in number than the spermato- 
genic cells. They are distinguished by a pale oval or trian- 
gular nucleus that has a prominent nucleolus and occa- 
sional cleftlike in foldings. They are tall cells that extend 
from the basement membrane to the lumen of the tubule, 
but their boundaries are indistinct in routine histologic 
preparations. Numerous lateral and apical invaginations of 
their ceil membranes embrace the differentiating spermato- 
genic cells. 

Flattened, contractile myoid cells lie just outside the 
basement membrane of each seminiferous tubule. The con- 
nective tissue between adjacent tubules contains polyhedral 
interstitial {Ley dig) cells. These produce testosterone and 

are particularly abundant in the stallion and boar. They are 
recognized by their small, round nucleus and an aci- 
dophilic, often foamy cytoplasm. 

Near rhe terminal segment of a seminiferous tubule, 
the sperm a togen ic cells decrease in number and rhe Sertoli 
cells become more numerous. A transitional zone, lined by 
Sertoli cells, joins a seminiferous tubule to a straight tubule. 

I he latter may be lined by simple columnar, cuboidal, or 
squamous cells and is continuous with a network of anas- 
tomosing channels that form the rete testis. The rete testis 
possesses a simple squamous or cuboidal epithelium that 

may be bistrati l ied cuboidal in the bull. It is surrounded by 

the loose connective tissue of the mediastinum testis. 

Efferent ductules, lined by a simple columnar or a 
pseudostrati fied epithelium with some ciliated cells, lead 
from the rete testis and pass through the tunica albuginea 
to join rhe duct of the epididymis in the head of the epi- 
didymis. In the stallion the tubules of the rete testis pene- 
trate the tunica albuginea and form an extratesticular rete 
testis, which is then joined to the duct of the epididymis 
by efferent ductules. The coiled duct of the epididymis 
varies in structure from the head to the tail region of the 
epididymis. Its pseudostratified columnar epithelium, 
with stereocilia, is thickest in the head region and is en- 
circled by some smooth muscle. In the body (mid) region 
there is less smooth muscle, and the epithelium is thinner. 
In the tail region of the epididymis the pseudostratified 
epithelium is thinnest, and the surrounding smooth mus- 
cle is most abundant. In the stallion the lining of the duct 
in the tail region of the epididymis forms short, villuslike 
projections. 

The vas deferens (ductus deferens) leads from the dnet 
of the epididymis and joins with the urethra. The vas def- 
erens is lined by a pseudostratified columnar epithelium 
(some cells with stereocilia) that may become simple 
columnar distally. The smooth muscle of its thick muscu- 
laris presents a variety of arrangements. It may form an in- 
ner circular and an outer longitudinal layer, and each of 
these layers may contain interwoven fibers of smooth mus- 



cle. In contrast, the entire muscularis may be interwoven 
with no distinct layers of smooth muscle. We have not ob- 
served any particular arrangement to be consistent within 



a species. 

The male accessory glands include the glands of the 
ampulla, seminal vesicles, the bulbourethral glands, and 
the prostate gland. They are composed of branched tubu- 
lar or tubuloacinar secretory units that often have vesicular 
dilations. The secretory epithelium of these glands is classi- 
fied as pseudostratified because, although consisting pri- 
marily of columnar cells (or sometimes cuboidal cells such 
as in die prostate), occasional basal cells are present. 

Near its junction with the urethra, the vas deferens 
forms a dilated ampulla whose lamina propria and submu- 
cosa are filled with glandular secretory units. The ampulla 
is absent in the tomcat, and the ampullary glands are not 
well developed in the boar. 

The prostate gland is a seromucous gland except in the 
dog, where it is entirely serous. In the boar and ruminants, 
the prostate gland consists mostly of a disseminate portion 
(pars disseminata) in the form of a glandular layer in the 
submucosa of the pelvic urethra, in the stallion and carni- 
vores the disseminate portion is represented only by scat- 
tered glands. The body of the prostate gland is well devel- 
oped in the stallion and carnivore and is absent in the ram 
and billy goat (buck). It is an encapsulated, lobulated gland 
that partially or completely surrounds a part of the pelvic 
urethra. 



The seminal vesicles (vesicular glands) are absent in 
carnivores. In the stallion they are true vesicular outpock- 
etings in the form of bladderlike sacs with wide central lu- 
mens into which the glands open. In the boar and rumi- 
nants they are compact glands with a lobulated surface. 

The mucous-secreting bulbourethral (Cowper’s) 
glands are present in all domestic mammals except the dog. 

The columnar cells of the pseudostratified epithelium are 
tall and pale and possess basal [y displaced nuclei. 

The male urethra, which carries both urine and semen, 
can be divided into a pelvic and a penile portion. The pelvic 
urethra is lined by a transitional epithelium, which may be- 
come stratified columnar or cuboidal distally. Along the 
entire length of the urethra, rhe connective tissue below the 
mucosa contains erectile tissue with thin-walled cavernous 
spaces (veins). In the pelvic urethra this erectile tissue forms I 

the stratum cavernosum (vascular stratum). Peripheral to 

this stratum are the glands of the disseminate portion of the 

prostate gland. The muscularis of the urethra near the blad- 
der consists of an inner and outer longitudinal layer and a 
middle circular layer of smooth muscle. In the vicinity of 
the prostate gland, most of the smooth muscle is replaced 
by skeletal urethral muscle. However, some longitudinal 
smooth muscle remains. The muscularis of the pelvic ure- 
thra is surrounded by an adventitia. I 

The penile urethra, which courses through rhe ventral 
region of the penis, is lined by a mixture of transitional, ! 
stratified cuboidal, stratified columnar, or simple columnar 
epithelium. The larger, more abundant cavernous spaces of I 
the penile urethra form the corpus spongiosum (corpus I 
cavernosum urethra), which is surrounded by a tunica al- ! 
buginea. Except for an occasional cell, the wall of the pe- I 
nile urethra lacks a muscularis of smooth muscle. I 
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In the stallion and ruminants the terminal portion of 

the urethra extends beyond the penis, forming a urethral 
process. It is covered by a cutaneous membrane and lined 
by transitional or stratified squamous epithelium. In the 
stallion the urethral process contains well-developed erec- 
tile tissue. In the ram and billy goat the urethral process 
contains small cavernous spaces and two cords of fibrocar- 
tilage that parallel the urethra. 

The penis can be divided into the body and glans penis. 
Both regions contain the penile urethra with its erectile tis- 
sue, the corpus spongiosum. 1 he body of the penis (corpus 
penis) is characterized by two additional masses of erectile 
tissue called the corpora cavernosa. Each corpus caver- 
nosum is enclosed by the dense connective tissue and elas- 
tic fibers of the tunica albuginea. The tunic is especially 
thick in the boar and ruminants and contains smooth mus- 
cle in the stallion. It extends inward to form a network of 
trabeculae between which lies the spongy erectile tissue. 
The latter contains cavernous spaces, lined by endothelium 
and surrounded by various proportions of smooth muscle 
and fibroelastic connective tissue. In the vascular penis of 
the stallion the smooth muscle is predominant. In the fi- 
broelastic penis of the boar and ruminants the cavernous 
spaces are surrounded mainly by connective tissue that is 
rich in elastic fibers and contains little or no smooth mus- 
cle. In the intermediate type of penis of the carnivore, both 
smooth muscle and connective tissue fill the spaces between 
the cavernous vessels. The corpus cavernosum of all do- 
mestic mammals contains scattered adipose tissue in the 
connective tissue between the cavernous vessels. This is 
abundant in the tomcat, especially toward the tip of the 
corpus cavernosum, where adipose tissue nearly replaces 
the erectile tissue. 

The cavernous spaces receive their blood supply from 
groups of helicine arteries. The walls of these tortuous ves- 
sels have cushionlike thickenings, formed from longitudi- 
nal bundles of smooth muscle, epithelioid cells, and abun- 
dant elastic tissue. 

The expanded, distal portion of the penis, called the 
glans penis, is best developed in the stallion and dog. It con- 
tains erectile tissue, which is continuous with that of the 
corpus spongiosum. In carnivores the glans contains an os 
penis. This bone is small in the tomcat. It is well developed 

in the dog and possesses a fibrocartilaginous tip. The sur- 
face (visceral prepuce) of the glans penis of the tomcat 
bears small, keratinized epidermal spines. Small epidermal 
projections also occur in the stallion and billy goat. 

The prepuce is a tubelike reflection of skin that covers 
the distal, i ree portion of the penis. It is composed of an ex- 
ternal, parietal, and visceral layer. The external layer is typ- 
ical skin and is continuous with the abdominal skin. The 
external layer turns inward at the preputial opening to 
form the parietal prepuce (internal layer). This, in turn, re- 
flects at the fornix and continues onto the end of the penis 
as the viscera! prepuce. The stallion has an additional outer 
fold called the sheath. Hair, sweat glands, and sebaceous 
glands occur over a variable distance from the external 



layer to the parietal prepuce. Glands may occur occasion 
ally in the visceral prepuce of the stallion. 



CHICKEN 



The testes are situated in the abdominal cavity of the 
rooster. They are surrounded by a thin connective -tissue 
capsule, the tunica albuginea, which is covered by a peri- 
toneum. There are no well-developed septa to divide the 
testes into lobules. 

The epithelial cells of the convoluted seminiferous 
tubules are like those of mammals: Sertoli cells, spermato- 
gonia, primary spermatocytes, secondary spermatocytes, 
spermatids, and spermatozoa. Unlike those in mammals, 
various cell associations do not occur in segments along the 
length of the seminiferous tubules. Instead, the seminifer- 
ous epithelium is arranged into narrow columns of cells 
that undergo spermatogenesis independently. ! here is very 
little connective tissue between adjacent seminiferous 
tubules, and interstitial cells are sparse. They occur singly 
or in small clusters, primarily in the larger interstitial 
spaces. They are flattened to polyhedral cells with a rela- 
tively large, round nucleus and cytoplasm that is often vac- 
uolated. 



The seminiferous tubules are continuous with straight 
tubules, which are lined by Sertoli cells. Straight tubules 
lead into the anastomosing channels of the rete testis, 
which is lined by a simple cuboidal to squamous epithe- 
lium. The rete testis lies outside the tunica albuginea below 

the epididymis. 

Three types of tubules occur within the epididymis: ef- 
ferent ductules, connecting ducts, and the duct of the epi- 
didymis. The numerous, convoluted efferent ductules join 
the rete testis to the connecting ducts. They are lined by a 
simple epithelium of intermittent groups of tall and low, 

columnar cells, as well as patches of cells that appear to be 
pseudostratified. The epithelial cells are arranged into 
folds, and many of the cells bear tufts of cilia. The con- 
necting ducts (excretory canals) are smaller in diameter 
than the other tubules of the epididymis and are lined by a 
pseudostratified columnar epithelium. The epithelial cells 

are rarely ciliated and are not arranged into numerous 
folds as are the cells that line the efferent ductules. Thus, 
the luminal surface of the connecting ducts has a smooth 
appearance. The single, convoluted duct of the epididymis 
is similar in structure to the connecting ducts, except that 
it is much larger in diameter. All of the tubules of the epi- 
didymis are surrounded and bound by connective tissue. 

At the terminal portion of the epididymis, the duct of 
the epididymis joins the vas deferens. The latter is a convo- 
luted duct with a pseudostratified columnar epithelium, 
underlying smooth muscle, and a more peripheral layer of 

dense connective tissue. Each vas deferens merges with a 
small, conical ejaculatory duct, whose submucosa contains 
erectile tissue. The ejaculatory duct protrudes and opens 
into the urodeum of the cloaca, marking the termination of 
the duct system of the male. 
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Figure 17.4. Testis, Boar (Mallory's). The tunica albuginea con- 
sists of dense irregular connective tissue. It lacks smooth muscle 
domestic mammals, except the stalli 



V 



- 






I P 



i ■ 1 

E C k 



m 



w 



i 









l' 



■s, 



p i 



V 



&•] 



s 









SW 






' 

i 



■ .a 



r 



■ b i ■ 1 • 

*■% fc i , 

^ r- . ti 



# A 



j 



Jr 



«■ 



* U % 






r | 



v o -V 



J . ■ m .:\ v- 



li. f 






1 



r i 



\ - 



S£A 



w 



j 



i 









■ 






> 



ion. 



bl 



Figure 17.3 



Figure 17.5. Seminiferous Tubules, Testis, Dog. A portion of 

each of three adjacent seminiferous tubules is shown. 
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Figure T7.6. Seminiferous Tubules, Testis, Stallion. Portions of 

four seminiferous tubules are visible. Note the numerous interstitial 
cells (abundant in the boar and stallion) and the section through a 
straight tubule. 

Figure 17.7. Interstitial Tissue, Testis, Ram. Interstitial tissue and 

portions of three seminiferous tubules are shown. Interstitial cells 
are relatively sparse in carnivores and ruminants. 

Figure 1 7.8. Transitional Zone and Straight Tubule, Testis, Stal- 
lion. A transitional zone joins a seminiferous tubule to a 
tubule. Sertoli cells line this zone and protrude into the lumen of 
the straight tubule. 

Figure 17,9. Rete Testis, Stallion, Anastomosing channels of the 

F the mediastinum 
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testis. In the stallion the rete testis extends through the tunica al- 
buginea and becomes extratesticular, as in this m icrograph. Junc- 
tions of rete channels and efferent ductules can be seen. See Fig- 

1 7. 1 0 for a magnified view of a junction. 
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Figure 17.10 
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1 . Columnar epithelium 

2. Cuboidal epithelium, 
rete testi $ 

3 . Duct of the epididymis 

4. Efferent ductule 

5. loose connective tissue 

6. lymphocyte, migrating 

7. Pseudostratified epithelium 



8. Pseudostratified epithelium, 

efferent ductule 

9. Smooth muscle 

10. Sperm ctozoa 

1 1 . Tunica albuginea, smooth 

muscle 

1 2. Tunica vaginalis, mesothelium 
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Figure 17.10. Junction of Rete Testis and Efferent Ductule, Stal- 
lion. The rete testis is lined by cuboidal cells, whereas the efferent 
ductule is lined by a ciliated, pseudostratified columnar epithe- 
lium. 

Figure 1 7. 1 1 . Efferent Ductules, Stallion. Various cuts through 
the tortuous efferent ductules are surrounded by loose connective 
tissue. 

Figure 17.12. Efferent Ductules, Stallion. Efferent ductules 

lined by a ciliated, pseudostratified columnar epithelium. How- 
ever. the epithelium may be simple columnar in some places. 
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Figure 17.13. Head of Epididymis, Stallion (Masson's). The epi- 
didymis is surrounded by a tunica albuginea of dense i 

connective tissue, which contains smooth muscle in 
Portions of the coiled duct of the epididymis are shown. 









irregular 

the stallion. 



Figure 17.14. Head of Epididymis, Stallion. In this region the 
pseudostratified columnar epithelium of the duct of the epididymis 
is thickest. Smooth muscle is scarce. Compare with Figures 1 7. 1 5 
and 17.16. 
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1 . Basal ce 

2. Lamina propria 

3. Loose connective tissue 

4. Muscularis 

5. Pseudostratified epithelium 



6. Serosa 

7. Smooth muscle 

8 . Spermatozoa 

9. Stereocilia 

10. Villus-like projection 



Figure 17.15. Body of Epididymis, Stallion. The duct of the epi- 

didy mis in this region is surrounded by more smooth muscle than 
in the head of the epididymis, and the pseudostratified columnar 
epithelium ts not as thick as in the head of the epididymis ( 

17.14). 

Figure 17.16. Tail of Epididymis, Stallion. A low. pseudostrati- 
fied columnar epithelium and abundant circular smooth i 

characterize the duct of the epididymis in this region. In the stal- 
lion the caudal segment of the duct of the epididymis has villuslike 

projections 

Figure 1 7. 1 7. Tail of Epididymis, Stallion. Detail of the duct of the 

epididymis lined by low, pseudostratified columnar epithelium 
and surrounded by abundant, circular smooth muscle. 

Figure 17.18. Vos Deferens, x.s., Dog. The bulk of the wall con- 
sists of smooth muscle, which forms an inner circular and an outer 
predominantly longitudinal layer with some randomly arranged 
cells. 

Figure 17.19. Vas Deferens, x.s.. Stallion (Masson's). This sec- 
tion of the vas deferens, taken from near the epididymis, has long 
mucosal folds. The inner layer of the muscularis contains interwo- 
ven bundles of smooth muscle. Although out of the held of view 
this microqraph, the smooth muscle of the outer layer of the mus- 
cularis is mostly arranget i longitudinally. 
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Figure 17.20 
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Figure 17.24 



1. Adventitia 

2. Ampulla, lumen 

3. Basal cell, nucleus 

4. Gland 

5. Interlobular septum 

ina propria 



7. Muscularis 

8. Pseudostratified epithelium 

9. Secretion 

1 0. Serosa 

1 1 . Spermatozoa 
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Figure 17.20. Vas Deferens, x.s., Boar (Masson's). The muscu- 
laris consists of an admixture of longitudinally and randomly ar- 
ranged smooth muscle. The epithelium is pseudostratified colum- 

with stereocilia present intermittently. 

Figure 17.21. Ampulla, x.s., Ram. The terminal segment of the 

deferens, the ampulla, contains branched tubuloalveolar 
lands in the dog, stallion, and ruminants. The glands are poorly 
eveloped in the boar. The ampulla is absent in the tomcat. 

Figure 1 7.22. Ampulla, Ram. Detail of the mucosa. Spermatozoa 
are stored in the glands close to their openings into the lumen of 
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Figure 17.23. Ampulla, Ram. The secretory alveoli are lined by 

B seudostratified epithelium composed of cuboidal to columnar 
s and occasional basal cells. 
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Figure 17.24. Seminal Vesicle, Castrated 

trated male the glandular tissue of the accessory glands is greatly 
reduced. Compare with Figure 17.25 
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7. Pseudostratified epithelium 

8. Secretion 

9. Stratum cavernosum 

10. Trabecula 

1 1 . Transitional epithelium 

1 2. Urethra, lumen 



1 . Basal cell 



2. Capsule 









Duct 






4. Gland 

5. Interlobular septum 

6. Prostate gland 



Figure 17.25. Seminal Vesicle, Ram. Lobules of tubuloalveolar 

lands are divided by interlobular septa, which contain an abun- 
ance of smooth muscle in ruminants. In the stallion and boar the 
septa consist predominantly of connective tissue with some smooth 
muscle. Seminal vesicles are absent in carnivores. 

Figure 17.26. Seminal Vesicle, Ram. The pseudostratified glan- 
dular epithelium is characterized by sparse basal cells. Note the 
muscular septum. 

Figure 17.27. Body of the Prostate, Dog. The body of the 

prostate, which is well developed in carnivores and the 
surrounded by a capsule of dense connective tissue and smooth 
uscle. Trabeculae from the capsule divide the gland into lobules 

Figure 17.28. Body of the Prostate, Dog. In the dog, this i: ; 

serous gland. Compare with Figure 1 7.31 . 

Figure 17.29. Disseminate Portion of the Prostate, x.s,, Ram 

(Masson's), Th is portion of the prostate is well developed in the 
boar and ruminants. The glands are located within the submucosa 
of the pelvic urethra. The stratum cavernosum of the pelvic urethra 
contains cavernous spaces that are smaller and less numerous 
than those of the corpus spongiosum of the penile urethra. 
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Figure 1 7.30. Disseminate Portion of the Prostate, x.s., Ram 
(Masson's). The transitional epithelium of both the pelvic urethra 
and a duct of the prostate gland is shown. 

Figure 17.31. Disseminate Portion of the Prostate, x.s 

(Masson's). The prostate is a mixed gland except in the dog, 
where there are no mucous secretory units. 

Figure 17.32. Bulbourethral Gland, Boar. This gland 

pound tubular gland in the boar, tomcat, and billy goat. It is a 
tubuloalveolar gland in the stallion, bull, and ram. II is absent in 
the dog. The pale-staining secretory cells are columnar or pyra- 
midal and have basaliy displaced nuclei 

Figure 1 7.33. Penis, x.s,, Puppy. Section is through the develop- 
ing os penis, which is present in carnivores. 

Figure 1 7.34. Penis, x.s 

tion of the os penis. 
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Figure 1 7.32 
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1 . Cavernous space 

2. Connective tissue 

3. Corpus cavernosum 

4. Corpus spongiosum 

5. Dermis 

6. Endothelium 

7. Epidermal spine 



8. Lamina propria 



9. Os penis 



1 0. Smooth muscle 
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Figure 1 7.35. Penis, l.s 

r the corpus cavernosum consists large 
tissue. A small os penis is present in th 
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crograph of a histologic section borrowed from the College of Vet- 
erinary Medicine, Iowa State University.) 
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Figure 17 .36. Gians Penis, l.s.. Tomcat. Detail of a keratinized 

epidermal spine. (Photomicrograph of a histologic section bor- 
rowed from the College of Veterinary Medicine, Iowa State Uni- 
versity.) 

Figure 17.37. Penile Urethra, x.s., Stallion. Portion of the penile 
urethra with abundant cavernous spaces of the corpus spongio- 
sum. 

Figure 17.38. Corpus Spongiosum, Body of Penis, Stallion. The 

cavernous spaces of the stallion and carnivore are surrounded by 
connective tissue rich in elastic fibers and by many bundles of 
smooth muscle 
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Figure 1 7.39. Penile Urethra, x.s. 
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Figure 17.40 
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Figure 1 7.40. Body of Penis, Stallion, Large masses of smooth 
muscle surround the cavernous spaces of the corpus cavernosum 
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Figure 17.41 . Body of Penis, x.s., Boar, A portion of the sigmoid 

flexure, including tne retractor penis muscle. 
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Figure 17.43. Body of Penis, Boar. In the boar and ruminant the 
cavernous spaces of the corpus cavernosum are invested largely 
by connective tissue and only a smattering of smooth muscle 

Figure 17.44. Penile Urethra, x. 5 .. Ram. The distribution of the 
cavernous spaces of the corpus spongiosum of the pen 
is especially well represented in this section. 
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Figure 1 7.45. Body of Penis, x.s. 

spaces of the corpus spongiosum 
tissue rich in elastic fibers in boars and ruminants. 
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corpus cavernosum contains 
vessels with an abundance of elastic fibers throughout their walls. 
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Figure 1 7.47. Helicine Artery, Body of Penis, Ram (Masson's). 

Junction of a helicine artery with a cavernous space in the corpus 
cavernosum. 

. m o . . ns. 

Figure 17.48. Urethral Process, x.s., Ram. The urethral process 

is a tortuous, wormlike extension of the urethra in the ram and billy 
goat, One of the two fibrocartilaginous cords that parallel the ure- 
thra is shown. 

Figure 17.49. Urethral Pouch, Stallion. The urethral pouch, 
found only in the stallion, is filled with smegma, which is com- 
posed of desquamated epithelial cells and the secretion of the 
preputial glands. 
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Figure 17.50. Parietal Prepuce, Stallion. The dermis contains se- 
baceous glands and tubular preputial (sweat) glands, 

Figure 17.51. Prepuce, Boar. The parietal and visceral prepuce 

are shown. 

Figure 17.52. Testis and E 

bules, the rete testis, an L 
necting ducts) of the epididymis. 
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Figure 17.53. Interstitial Tissue, Testis, Rooster. Interstitial (Ley- 
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Figure 17.54. Seminiferous Tubules, Testis, Rooster. Detail of 

portions of adjacent seminiferous tubules. Note that the seminifer- 
ous epithelial cells are organized into narrow columns. 

Fiaure 17.55. Testis, Rooster. A straight tubule, lined by Sertoli 

connects a seminiferous tubule with the rete testis. 

Figure 17.56. Straight Tubule, Testis, Rooster. Sertoli cells form 

the epithelium of straight tubules. 

Figure 17.57. Junction of Rete Testis and Efferent Ductule, 

Rooster. The epithelial cells lining efferent ductules vary in shape 
and many possess cilia. The rete testis is lined by squamous ep- 
ithelial cells. 
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Figure 17.58. Efferent Ductule, x,s., Rooster. Detail of an 

ent ductule. The epithelial cells vary in shape, and many bear cilia. 
The epithelium is Folded and is surrounded by loose connective tis- 

Occasionally, smooth muscle may be present. 



\ i 





















sue 



\i 















■ 






















































Figure 17.59. Connecting Duct and Efferent Ductule, Rooster. 

Connecting ducts present a smooth inner surface and are n 
a pseudostratified columnar epithelium with occasional basal 
fls. The epithelial cells are generally without cilia. In contrast, the 
efferent ductule has a folded lining, and its epithelial cells are 
mostly ciliated. 

Figure 17.60. Duct of the Epididymis, Rooster, The duct of the 

epididymis has a larger diameter than a connecting duct, but oth- 
erwise is comparable in structure with the latter. 

Figure 17.61. Vas Deferens, Distal, Rooster. The lining epithe- 
lium is similar to that of the epididymis. A layer of smooth muscle 
separates the epithelium from the surrounding connective tissue. 
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MAMMALS 



he ovaries, oviducts, uterus, vagina, and vulva are the major components of rhe 
mammalian female reproductive system. A simple squamous or cuboidal epithe- 
lium, germinal epithelium, often missing from histologic preparations, covers the 
cortex of the ovary. Beneath rhe epithelium is a layer of dense connective tissue, the tu- 
nica albuginea. A cortical stroma, containing ovarian follicles in various stages of devel- 
opment, lies internal to the tunica albuginea. In bitches and queens, but ordinarily not in 
other domestic mammals, cords of epithelioid cells called interstitial glands occur 
throughout rhe stroma. The epithelioid cells are derived from rhe theca interna of atretic, 
antral follicles or from the granulosa cells of atretic, preantral follicles. 

A medulla consisting of richly vascularized loose connective tissue lies internal to the 
ovarian cortex. In the mare the medullary tissue is located external to the cortex. Chan- 
nels, lined by a cuboidal epithelium and called the rete ovarii, are conspicuous compo- 
nents of the medulla in carnivores and ruminants. Hilus cells (gro 
may be found close to the rete ovarii in rhe region of the hilus in some mammals. 

Primordial follicles are the least developed and most numerous follicles ot the ovary. 
They lie just below rhe tunica albuginea. Each consists of a primary oocyte surrounded 
by a layer of simple squamous follicle cells. In response to periodic hormonal stimulation, 
growth is initiated in some of the primordial follicles. The earliest growing follicle, the pri- 
mary follicle, consists of an enlarging oocyte surrounded by a layer of cuboidal cells. Pro- 
liferation of the follicle cells results in rhe formation of a mu 1 1 i laminar {late primary) 
licle. Fluid-filled spaces appearing between the follicle cells gradually coalesce, forming an 
antrum. Concomitantly, an acidophilic, translucent membrane, the zona pcllucida, ap- 
pears around the oocyte. Further growth results in the formation of a secondary follicle 
with a C-shaped antrum. Its follicle cells are now called the membrana granulosa. A 
sheath of stromal cells, the theca folliculi, forms around the follicle. The theca differenti- 
ates into a cellular, vascular inner layer, the theca interna, and an outer layer of connec- 
tive tissue, the theca externa. The boundary between the stroma and the theca externa and 
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and ternary folds. The epithelial lining is simple columnar 
with goblet cells. In the bitch, however, it is stratified squa- 
mous. Glandular tissue fades in the cervix, extending to the 
cervical os only in carnivores. An inner circular and an outer 
longitudinal layer of smooth muscle form the muscularis. 

The estrous cycle consists of a succession of stages. The 
first stage, proestrus, is characterized by endometrial 
growth, it is followed by estrus, or period when the female 
is receptive to the male. In most species, ovulation occurs 
during estrus. The development of the corpus luteum oc- 
curs during the next stage, mctestrus. Diestrus follows 
metestrus and coincides with the presence of a fully func- 
tional corpus luteum. During this time the development 
and secretory activity of the endometrial glands peak, 
Ancstrus, a period of sexual inactivity, follows diestrus. 

The placenta is derived from the endometrium and the 
chorioallantoic membrane (CAM). The degree of intimacy 
between these two components varies and is a basis for 
classifying placentas. A placenta is indeciduatc when these 
two membranes are in contact but are not intimately fused. 
The placenta is deciduate when the membranes have be- 
come fused. Little or no endometrium is lost during the 
birth process in animals having an indeciduatc placenta 

(mare, ruminants, and sow). Conversely, considerable mu- 
cosa is lost at parturition in animals with deciduate placen- 
tas (carnivores). 

The extent to which the CAM contributes to the pla- 
centa is variable, if most of the CAM contributes, as in the 

mare and sow, the placenta is diffuse; if numerous bur iso- 
lated areas contribute, as in ruminants, the placenta is 
cotyledonary; when a beltlike portion of the CAM con- 
tributes, as in carnivores, the placenta is zonary. 

The surfaces of the chorioallantoic membrane and the 
endometrium may contact one another in three different 
ways. These types of contact are designated as folded, vil- 
lous, and labyrinthine. In the sow both surfaces are folded 
and are closely applied to each other. In the mare and ru- 
minants chorioallantoic villi insert into pockets (crypts) in 
the endometrium. In carnivores the apposed surfaces form 
a complex, interlinked, fused labyrinth. 

Classification of the placenta can also be based on the 
number of tissue layers separating the fetal and maternal 
blood. In the mare and sow six layers intervene: the en- 
dothelium, connective tissue, and epithelium of the CAM; 
and the epithelium, connective tissue, and endothelium of 
the endometrium. This configuration characterizes the ep- 
itheliochorial placenta. In ewes and nanny goats (does) the 
epithelium of the caruncles (endometrial elevations where 
functional contact with the CAM is made) is lost, thereby 

reducing the number of tissue layers to five (syndesmocho- 
rial placenta). In the cow the epithelium of the caruncle re- 
mains intact (epitheliochorial), but portions of the inter- 
caruncular epithelium degenerate. In carnivores both the 
endometrial epithelium and the endometrial connective Tis- 
sue are lost, bringing the epithelium of the CAM and the 

endothelium of the endometrium into contact. Only four 
tissue layers separate the fetal and maternal blood in this 
type, the endotheliochorial placenta. 

A mucosa, muscularis, and adventitia or serosa (cra- 
nia 1 region only) form the wall of the vagina. The mucosa 
is lined, throughout, by a stratified squamous epithelium in 



that between the theca externa and theca interna is often in- 
distinct. Continued growth results in the formation of a 
large tertiary (Graafian) follide whose oocyte is sur- 
rounded by a multilayer of membrana granulosa cells, the 

cumulus oophorus. The columnar cells of the innermost 
portion of the latter constitute the corona radiata, which is 
separated from the oocyte by the zona pellucida. 

Ordinarily, each mature tertiary follicle contains a sin- 
gle oocyte. The follicles of certain animals (carnivores, 
sows, and ewes) may, however, contain as many as six 



oocytes. 



Mature follicles vary widely in size. They are about 2 
mm in diameter in the bitch and queen, 15 mm in the cow, 
and as large as 70 mm in the mare. Maximum size is 
reached just prior to ovulation. Following ovulation, gran- 
ulosa cells and cells of the theca interna of most species 
multiply, hypertrophy, and differentiate into granulosa 
lutein cells and smaller, more peripheral theca lutein cells, 
respectively, of the corpus luteum. A yellow pigment 
(lutein) is formed by the luteal cells of the cow, mare, and 
carnivores, but is lacking in ewes, nanny goats (does), and 
sows. Luteal cells produce progesterone. Regression of the 
corpus luteum occurs during late diestrus, leaving scar tis- 
sue, the corpus albicans. 

Although many primordial follicles begin the process 
of growth and differentiation, few become mature. The 
majority undergo a degenerative regression, called atresia. 
The oocyte and membrane granulosa degenerate first. Cells 
of rlie theca interna hypertrophy, and the zona pellucida 
becomes swollen. Eventually, the entire follicle is resorbed. 

The oviduct is a muscular tube consisting of an isth- 
mus, which arises from the uterus; a middle segment, the 
ampulla; and a tunnel-shaped infundibulum, which lies 
next to the ovary. From the outside inward, the wall of the 
oviduct is comprised of a serosa, muscularis, lamina pro- 
pria, and epithelium. The muscularis, which is thickest in 
the isthmus, is formed mainly from circular smooth muscle 
with a modicum of longitudinally arranged smooth muscle 
external to it. Many of the epithelial cells lining the cavity 
of the oviduct are ciliated. In part, the epithelium of rumi- 
nants and sows is pseud ost ratified. The mucosa is thrown 
into longitudinal folds, with less folding occurring in the 
isthmus than in the ampulla. 

The wall of the bicornua te uterus of domestic mam- 



mals has three layers: the outer perimetrium (serosa), mid- 
dle myometrium, and inner endometrium (mucosa). The 
myometrium is divisible into a thick, inner circular layer 

and a thin, outer longitudinal layer. A richly vascularized 
and well-innervated stratum vasculare usually separates 
the muscle layers. The stratum vasculare, however, is in- 
’ distinct in the sow and may be located in the outer half of 
the circular layer in the cow. 

The epithelium of the endometrium is simple cuboidal 
or columnar in the bitch, queen, and mare, but may be 
stratified or pseudostratified in ruminants and sows. Sim- 
ple, branched uterine (endometrial) glands extend into tbe 

lamina propria. These may be considerably coiled in the 

mare, sow, and ruminants. Nonglandular regions of the en- 
dometrium, called caruncles, occur in ruminants. 

The mucosa of the uterine cervix is elevated into longi- 
tudinal folds that may become subdivided into secondary 
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all species except the cow. In the anterior portion of the 
vagina of the cow, the epir helium is stratified columnar 
with goblet cells. In carnivores, the epithelial cells become 
keratinized during estrus. A lamina propria and submucosa 
are present. Usually, the inner layer of the muscularis is 
thick and consists of circularly arranged smooth muscle, 
while the outer layer is thin and consists of longitudinally 
organized smooth muscle. In some animals (bitch, queen, 
and sow) a thin layer of longitudinal muscle occurs internal 
to the circular layer. An adventitia or serosa is present. 

Vaginal cytology provides a way of determining stages 
of the estrous cycle of the bitch or queen and therefore can 
be helpful to the practitioner who is trying to determine the 
best time to breed an animal. In the bitch, for example, 
proestrus, estrus, diestrus, and anestrus are stages of the es- 
trous cycle. The formation of the corpus luteum occurs 
during late estrus in the bitch. Therefore, there is no 
metestrus. ^roestrus lasts an average of 9 days and is char- 
acterized by a watery, bloody discharge and swollen vulva. 
Esrrus is evidenced when a bitch is willing to stand for mat- 
ing, and ordinarily lasts about 9 days. A clear or bloody 
discharge is present. Diestrus lasts for about 2 months and 
begins on the day when the bitch no longer tolerates a 
male’s advances. Anestrus follows diestrus and may last 
from two to ten months. 

Various types of epithelial cells are found in vaginal 
smears taken during the estrous cycle. Parabasal cells are 
the smallest. They are round cells with round nuclei, and 
have the highest nucleocytoplasmic ratio of any of the 
sloughed cells. Intermediate cells are larger than parabasal 
cells. Their nuclei are similar in size and shape to those of 
the latter. The corners of intermediate cells are rounded. 
Superficial intermediate cells (transitional cells) are bigger 
than intermediate cells and have angular edges. Their nu- 
clei resemble those of parabasal and intermediate cells. Su- 
perficial cells are similar in size to superficial intermediate 
cells. Their edges are angular and may be folded. Their nu- 
clei are pyknotic, faded, or lacking. 

Smears taken during proestrus (early to mid) may con- 
tain erythrocytes and neutrophils as well as parabasal, in- 
termediate, superficial intermediate, and superficial cells. 

During late proestrus, superficial intermediate and superfi- 
cial cells are the most numerous, and neutrophils decline. 

The vast majority (90% or more) of cells found in 
smears taken during estrus are superficial cells. During late 
proestrus, similar smears may be obtained. Ordinarily, dur- 
ing estrus, neutrophils are not observed. Erythrocytes show 

a reduction in number, but in many bitches they can be 

found throughout estrus and into early diestrus. Bacteria 
may be found in estrous smears. 

During diestrus, superficial cells decrease by a mini- 
mum of twenty percent. Parabasal and intermediate cells, 
which may have been absent or very sparse, increase to 
more than 10% and frequently rise to more than 50%. Al- 
though neutrophils reappear during diestrus, smears from 
some bitches contain few or none. Because erythrocytes 
may be present in smears from early diestrus, it is not pos- 
sible to distinguish proestrus from diestrus without raking 
more than one smear. 

During anestrus, parabasal anti intermediate cells pre- 
dominate in smears. Bacteria may be found, bur will be less 



abundant than in proestrus or estrus. Neutrophils may oc- 
cur, but are ordinarily less abundant than in early diestrus. 

In domestic mammals, the vulva includes the vestibule, 
labia, and clitoris. The mucosal epithelium is stratified 
squamous. The major vestibular glands are bilateral, mu- 
cus-secreting, tubuloacinar glands in the submucosa, found 
in ruminants and the queen. Minor vestibular glands occur 
in the mucosa of most domestic animals. They are small, 
branched, tubular, mucous glands distributed through the 
vestibular mucosa. 

The integument of the labia (lips of the vulva) has a 
structure like that of the external skin. It is well endowed 
with both sebaceous and tubular apocrine glands. 

The clitoris consists of erectile tissue (corpus caver- 
nosum clitoridis), a glans, and a prepuce. The amount of 
erectile tissue varies. The prepuce has parietal and visceral 
components as in males. 



CHICKEN 



The left ovary and oviduct represent the reproductive or- 
gans of the hen. The ovary consists of an outer cortex that 

envelops a vascular medulla. Ovarian follicles of various 
sizes occur within the cortex. A layer (germinal epithelium) 
of cuboidal or flattened cells covers the cortex. The tunica 
albuginea, composed of dense connective tissue, lies below 
the epithelium. A stroma of loose connective tissue occurs 
below the tunica albuginea. 

Developing follicles occur throughout the stroma of 
the cortex. Large follicles are suspended from the surface of 
the ovary by stalks of cortical tissue. Each follicle consists 
of a growing, yolk -laden oocyte with a rounded nucleus 
(germinal vesicle). 1 be oocyte is surrounded by several lay- 
ers. These are, from the outside inward, the theca externa, 
theca interna, membrana granulosa, and perivitelline mem- 
brane. The latter abuts the surface membrane of the oocyte. 

The theca externa is formed from a compact connec- 
tive tissue that contains groups of pale interstitial (luteal) 
cells. The latter may also be found, in groups, in the corti- 
cal stroma and medulla. The theca interna is only about 
one quarter as thick as the externa. It is formed from a 
compact layer of spindle-shaped cells. The membrana 
granulosa consists of a single layer of cuboidal cells in the 
smallest and largest follicles, but in those of intermediate 
size, the epithelium is pseudostratified columnar. 

The cortex of the mature ovary also contains concen- 
trations of fat-filled vacuolar cells. Numerous fat vacuoles 
occur throughout the cytoplasm of these cells, and their nu- 
clei are pyknotic. Collections of these cells are believed to 
represent regressing postovulatory follicles. 

Atretic follicles are commonly found in normal active 

ovaries. In the most common type of atretic follicle, cells of 
the membrana granulosa proliferate, forming a number of 
irregular layers around the oocyte. The oocyte becomes 
smaller and is eventually replaced by granulosa cells. Ulti- 
mately, scar tissue replaces the granulosa cells, in o'der 
birds, the oocyte becomes surrounded by hyperplastic and 
hypertrophied interstitial (luteal) cells during atresia. Both 
the oocyte and the cells of the membrana granulosa even- 
tually degenerate. 
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rer less than that of the magnum. Its longitudinal mucosal 
folds possess numerous secondary folds. The muscularis is 
better developed than the magnum’s. The epithelium is cil- 
iated, pseudostratified columnar with secretory cells. Its 
numerous tubular glands secrete the shell membranes. 

The uterus is an expanded portion of the oviduct. Its 
walls are not as thick as those of the preceding segments. 

The muscularis is well developed, especially the longitudi- 
nal layer. The mucosa is thrown into longitudinal, leaf- 
shaped folds that are covered by a ciliated, pseudostrati- 
fied, columnar epithelium. I lie shell of the egg is produced 
from secretions of its tubular glands. 

The vagina is a short, narrow duct. Its muscularis is 

well developed, especially the circular layer. Its mucosa is 
thrown into numerous tall, narrow folds bearing many 
small secondary folds. The surface is covered by a ciliated, 
pseudostratified columnar epithelium with mucous cells. 
Sperm storage occurs in the sperm-host glands. I hese tubu- 
lar glands occur within the connective tissue of the mucosa 
of the vagina near the junction between the uterus and 
vagina. After insemination, sperm appear in compact 
masses within the glands. The vagina of the oviduct opens 
into the urodeum of the cloaca. 



['he oviduct of the chicken is tortuous and muscular. It 
consists, in anterioposterior sequence, of the following five 
regions: infundibulum, magnum, isthmus, shell gland 
(uterus), and vagina. From the outside inward, the wall of the 
oviduct consists of a serosa, muscularis (outer longitudinal 
and inner circular smooth muscle), lamina propria, and ep- 
ithelium. In most regions, the lamina propria contains glands. 

! he infundibulum is composed of a thin-walled funnel 
and a neck region. Scattered bundles ot smooth muscle lie 
within the connective tissue between the serosa and cili- 
ated, simple columnar epithelium. Longitudinal folds are 
present in the mucosa within the interior of the funnel near 
the neck. The folds increase in depth within the neck, and 
secondary folds appear. Fhe muscularis becomes sorted 
out into circular and longitudinal layers in the neck. 

i he magnum is the longest part of the oviduct. Its well 
developed tubular glands produce albumin. Its mucosal 

folds are more numerous and taller than those oi the in- 
fundibulum. Tertiary folds are present. The muscularis is 
better developed than in the infundibulum. The pseudos- 
tratified epithelium is composed of ciliated columnar cells 

and secretory (goblet) cells. 

i he isthmus is a relatively short region with a diame- 
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1. Antrum 

2. Corona radiata 

3. Corpus luteum 

4. Cortex 

5. Cumulus oophorus 

6. Granulosa cells 

7. Growing follicles 

8. Medulla 

9. Membrana granulosa 
1 0. Oocyte, cytoplasm 



1 1 . Oocyte, nucleus 

1 2. Primary follicle 

1 3. Primordial follicles 

14. Stroma 

1 5. Theca externa 
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Figure 18.1. Ovary, Queen. Follicles of various ages and a cor- 
pus luteum can be seen in the cortex. A portion of the vascular 

medulla is present. 

Figure 1 8.2, Ovary, Queen. Early follicles in the outer region of 

the cortex. 

Figure 18.3. Ovary, Bitch. A multilaminar, primary follicle. 
Figure 1 8,4. Ovary, Queen. A young, tertiary follicle. 
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Figure 18.1 
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Figure 18.2 
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Figure 18.3 
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Figure 18.4 
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7. Membrana granulosa 



1. Antrum 

2. Corpus albicans 

3. Germinal epithelium 
Granulosa lutein cell 
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9, Theca interna 

10. Theca lutein ce 



4. 



follicle 



5. 



1 2. Zona pelludaa 



6. Interstitia 



Figure 18.5. Ovary, Bitch. Portion of the wall of a tertiary follicle 
and part of an adjacent corpus luteum. 

Figure 18.6. Corpus Luteum, Ovary, Sow. Peripheral region of a 

corpus luteum showing theca lutein cells (small) and granulosa 

arge). 

Figure 18.7. Ovary, Bitch. Atretic follicles, each with a swollen 

zona pellucida. 
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Figure 18.5 
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Figure 18.8. Corpus Albicans, Ovary, Cow (Masson's). 

corpus albicans is stained bright blue-green 



scar 



this 



tissue 
preparation. 
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Figure 18.9 



Figure 18.13 









1 . Corpus luteum 
Folds 



4. Hilus cells 



5. Interstitial gland 



2 . 



3. Granulosa lutein cell 



6 . Rete ova ri i 






Figure 18.9. Ovary, Bitch. Several interstitial glands are visible 

ithin the stroma between two corpora lutea. 

Figure 18.10. Interstitial Glands, Ovary, Bitch. Cords of epithe- 
lioid cells form the parenchyma of interstitial glands. These glands 

II deveiopeain queens and bitches. 

Figure 1 8.1 1 . Hilus Cells, Ova 

cells, located in the vicinity of the hilus, are called hilus cells. They 
resemble the epithelioid cells of the interstitial glands (see Fig 
18.10). 

Figure 1 8.1 2. Rete Ovarii, Ovary, Cow. Cords of cells 

nels lined by cuboidal epithelial cells, located in 'he medulla of the 
ovary are called the rete ovarii. They are considered to be homol- 
ogous to the rete testis. 

18.13. Fimbria of Infundibulum, Oviduct, Mare. The mu- 
cosa of the fimbria is highly folded. 
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Figure 1 8.14. Fimbria of infundibulum. Oviduct, Mare. Detail of 
the wall. Note the smooth muscle of the thin muscularis. 

Figure 18.15. Fimbria of Infundibulum, Oviduct, Cow. Portions 
of the fimbria may lack smooth muscle, as in this example. 

Figure 18.16. Infundibulum, Oviduct, Cow (Masson's). The e 

ithelium consists of ciliated, columnar epithelial cells and noncm- 
ated, secretory cells. Extruded nuclei, which appear to arise from 

, are common. 

Figure 18.17. Infundibulum, Neck, Oviduct, 

cosa is highly folded, and the muscularis is thin. 
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Figure 18.18. Ampulla, Oviduct, x.s., Cow. The mucosa is highly 
folded. The muscularis is relatively thick. Compare with Figure 
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1 . Circular muscle 

2. Columnar epithelium 

3. Cuboidal epithelium 

4. Endometrial gland 

5. Folds 



6. Longitudinal muscle 

7. Myometrium, circular 

8. Myometrium, longitudinal 

9. Stratum vasculare 
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Fiaure 18.19. Isthmus, Oviduct, x.s., Mare. The mucosa of the 

isthmus has fewer folds than any other part of the oviduct, 
muscularis is thickest in this part of the oviduct. 

Figure 18.20. Uterine Horn, x.s., Anestrus, Bitch. The 

dometrium is thin and the glands are sparse in anestrus. 

Figure 18.21. Uterine Horn, x.s., Anestrus, Queen. The lumen of 
the anestrus uterus is lined by a simple cuboidal epithelium 

Figure 18.22. Uterine Horn, x.s., Proestrus, Bitch. In proestrus, 

the endometrium becomes thicker and the glands enlarge. 

Figure 18.23. Uterine Horn, x.s., Proestrus, Bitch. Luminal ep- 
ithelial cells become columnar during proestrus and estrus. 
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Figure 18.21 
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Figure 18.22 
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Figure 18.24 
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Figure 18.24. Uterine Horn, x.s., Estrus, Bitch. A thick en- 
dometrium and highly developed glands are characteristic of the 
estrous uterus. 

Figure 18.25. Uterine Horn, x.s., Diestrus, Bitch. The 

dometrium and its glands become fully developed during diestrus. 

Figure 18.26. Mesometrium, Bitch. The mesometrium contains 
an abundance of smooth muscle and numerous blood vessels. 
Smooth muscle of the mesometrium is continuous with the outer, 
longitudinal layer of the myometrium. 
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Figure 18.25 
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Figure 18.27. Uterine Horn, Brood Mare (Orcein). There is an 
abundance of elastic fibers (red-brown in this micrograph) in the 
intima and adventitia of blood vessels of the uterus of animals that 



have been throu gh a pregnancy. The section is from the mid- 
region of the myometrium. 



Figure 1 8.28. Uterine Horn, Brood Mare. Detail of a portion of 

an arterv in the myometrium. The intima becomes thickened with 
elastic fibers and smooth muscle in animals who have experienced 
a pregnancy. The adventitia also becomes heavily infiltrated with 
elastic fibers. 
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Figure 18.29 



Figure 18.30 
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Figure 18.33 
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1 . Blood vessels 

2. Caruncle 

3. Glia 

4. Cuboidal epithelium 

5. Endometrial gland 



6. Hemorrhagic region 

7. Myometrium, circular 

8. Myometrium, longitudinal 

9. Pseudostratified epithelium 
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Figure 18.29, Uterine Horn 

bleeding occurs in 
rhagic regions can 



x,s., Metestrus, Cow. Metestrous 

cow. Numerous erythrocytes of hemor- 
be seen beneath the surface epithelium (see 
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Figure 18.31 



x250 



Figure 18.30. Uterus, Metestrus, Cow. Detail of Figure 18.29. 

Hemorrhagic regions are evident in the endometrium beneath the 

lum. The epithelial cells are cuboidal during 
metestrus in the cow. 

Figure 18.31. Uterine Horn, Cow (Masson's). The epithelial cells 

lining the uterine glands are sometimes ciliated, as in this section. 

Figure 1 8.32. Caruncle, Uterus, x.s.. Cow. The endometrium of 

the uterus of ruminants contains nonglandular, highly cellular 
prominences called caruncles. Uterine glands that lie deep to the 
caruncle open near its base. 

Figure 18.33. Caruncle, Uterus, Cow. The caruncle consists of 

highly cellular (mostly fibroblasts) connective tissue, and numerous 

blood vessels located beneath the epithelium 
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1 . Allantoic blood vessel 

2. Allantoic epithelium 

3. Chorioallantoic membrane 
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7. Myometrium 
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Figure 18.34. Placenta (Zonary and Endotheliochorial), Bitch 

(Drawing), Carnivores have a zonary placenta that appears 

as a beltlike band around the middle of the chorionic sac. 

ma- 
ternal blood vessels. A placenta with this type of fetal-maternal 
junction is called an endotheliochorial placenta. The association 
between the maternal endothelium and syntrophoblast can be 
seen in 

Note: This drawing is of a section through a portion of one of the 
edges of the zonary placenta of a bitch. 

Figure 18.35, Placenta (Zonary and Endotheliochorial), Bitch 

(Trichrome). Section through the deepest layers of the placenta 

(see Fig, 1 8.34 for location). The spongy layer is formed by the 
occluded uterine glands in the mid-region of the endometrium. The 

uterine glands. 

The supraglandular layer is a sheet of connective tissue between 
the deep glandular and spongy layers. (Photomicrograph of a his- 
tologic section borrowed from the College of Veterinary Medici 
Iowa State University.) 
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Figure 18.35 
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Figure 18.36. Placenta (Zonary and Endotheliochorial), Bitch 

(Trichrome). Portion of the chorioallantoic mem 
cental labyrinth (see Fig. 18.34 for location). The chorioallantoic 
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Figure 18.36 
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membrane in this micrograph appears thicker than normal be- 






. Note the pres- 

of fetal blood vessels in the chorioallantoic membrane. (Pho- 
tomicrograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 
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1 . Allantoic blood vessel 

2. Chorioallantoic connective 
tissue 

3. Cytotrophoblast 

4. Eroded endometrial epithelium 



5. Maternal blood vessel 

6. Necrotic endometrial tissue 

7. Syntrophoblosf 

trophoblastic projection 
vacuolated cells 
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Figure 18.37. Placenta (Zonary and Endotheliochorial), Bitch 

(Triehrome). Section is through tne placental labyrinth. Both 
ternal and fetal components of this endotheliochorial placenta can 
be seen. (Photomicrograph of a histologic section borrowed from 

the College of Veterinary Medicine, Iowa State University.) 

Figure 18.38. Placenta (Zonary and Endotheliochorial), Bitch 
(Triehrome). Detail of the placental labyrinth. The maternal blood 
vessels are lined by endothelial cells with bulging 
tomicrograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 



ma- 



Figure 18.37 
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Figure 18.39. Placenta (Zonary and Endotheliochorial), Bitch 

(Triehrome), Trophoblastic projections, lined by large, pale 
uolated cells, protrude into spaces (areolae) in the region where 
the placental labyrinth iis forming. A portion of the maternal tissue, 
which has been partially destroyed by the invading trophoblast, is 

represented by the red-stainecf, necrotic tissue seen in the lower 

left quadrant of the micrograph. (Photomicrograph of a histologic 
section borrowed From the College of Veterinary Medicine, Iowa 



> Vff 



State University.) 



Figure 18.40. Placenta (Zonary and Endotheliochorial), Bitch 
(Triehrome). Detail of Figure 18.39. (Photomicrograph of a histo- 

borrowed from the College of Veterinary Medicine, 



J 



logic section 

Iowa State University.) 
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Figure 18.38 
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1 . Allantoic blood vessel 

2. Chorioallantoic membrane 

3. Chorioallantoic villus 

4. Chorioallantoic villus, epithe- 
lium 

5. Chorion laeve, epithelium 

6. Crypt 

7. Crypt, epithelium 



8. Marginal hematoma 

9. Maternal blood vessel 

10. Microplacentome 

1 1 . Placental labyrinth 
1 2. Spongy zone 
1 3. Uterine gland 
1 4. Uterus, e 



turn 



Figure 18.41. Placenta (Zonary and Endotheliochorial), Bitch 

(Trichrome). A portion of a marginal hematoma, consisting of 
large compartments filled with blood derived from hemor 
uterine blood vessels, is shown (see Fig. 1 8.34 for location). (Pho- 
tomicrograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 

Figure 18.42. Chorion Laeve, Bitch (Trichrome). The chorion 

laeve is the part of the chorioallantoic 
the formation of the placenta. Its surfac 

to the uterine epithelr 

to the hematoma of the placenta (see Fig. 18. 
(Photomicrograph of a histologic section borrowed from the Col- 
lege of Veterinary Medicine, Iowa State University.) 

Figure 18.43. Placenta Diffuse and Epitheliochorial), Mare. In 

the horse small tufts of branched chorioallantoic villi interdigifate 
th crypts of the endometrium, 
form structures called microplacentomes. (Photomicrograph of a 
histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 

Figure 1 8.44. Placenta (Diffuse and Epitheliochorial), Mare. De- 

microplacentome. Longitudinal and cross sections of 
chorioallantoic villi are surrounded by endometrial crypts. The ep- 
ithelium of the crypts, which may vary in height, is flattened in this 
region. The villi contain blood vessels and connective tissue and 
are covered by pink-stained trophoblast cells. (Photomicrograph 
of a histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.] 
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Figure 18.45. Placenta (Diffuse and Epitheliochorial), Mare. De- 
tail of a placentome adjacent to the endometrium. The epithelium 
of the endometrial crypt consists of pale, cuboidal cells. The ep- 



Figure 18.46 



ithelium of the chorioallantoic villi is formed from pink-stained 



cuboidal and low columnar cells. (Photomicrograph of a histologi : 
section borrowed from the College of Veterinary Medicine, Iowa 
State University.^ 
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Figure 18.46. Placenta (Diffuse and Epitheliochorial), Sow 

(Trichrome). The placenta of the sow is folded, diffuse, and ep- 
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with folds of the uterus. (Photomicrograph of a histologic section 

borrowed from the College of Veterinary Medicine, Iowa State 
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Figure 18.47. Placenta (Diffuse and Epitheliochorial), Sow 

(Trichrome). Interdigitating secondary folds of the chorioallantoic 
membrane and endometrium. The bases of the folds of the 
chorioallantoic membrane are lined by high columnar epithelial 
cells, whereas the crests of the maternal folds are covered by 
shorter columnar cells. The remainder of both epithelial surfaces is 

lined by cuboidal or flattened cells. Note that the chorioallantoic 

epithelial surface is invaded by capillaries. (Photomicrograph of a 
histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 

Figure 18.48. Placenta (Cotyledonary and Epitheliochorial) 

Cow. A section through a placentome formed from the association 
of a cotyledon (dumps of chorioallantoic villi) with a uterine carun- 
cle (endometrial elevation). Note that the endometrial epithelium 
of the intercotyledonary region is discontinuous 
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Figure 18.47 
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Figure 18.53 



Figure 18.49 
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Figure 18.49. Placenta (Cotyledonary and Epitheliochorial] 
Cow. Detail of Figure 1 8.48. Highly branched chorioallantoic villi 
interdigitate with uterine crypts. 

Figure 18.50. Placenta (Cotyledonary and Epitheliochorial) 
Cow. Detail of a portion of a placentome adjacent to the stalk. 
Note that the crvptal epithelium is cuboidal or flattened. The ~ 
ithelium of the chorioallantoic villus consists of irregularly shaped 
cells and binucleate giant cells (diplokaryocytes). 

Figure 1 8.51 . Cervix of Uterus, Bitch. The mucosa of the cervix is 
thrown into folds. The epithel ium of the bitch's cervix is stratified 
squamous. (Photomicrograph of a histologic section borrowed 
from the College of Veterinary Medicine, Iowa State University.) 

Figure 18.52. Cervix of Uterus, Mare. Cervical folds are evident. 

Figure 1 8.53. Cervix of Uterus, Mare (Masson's). The cervical 

epithelium is simple columnar, except in the bitch ( 

Epithelial cells may be ciliated. 
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Figure 1 8.54. Vagina^ Anestrus, Bitch. The epithelium of the car- 
nivore's anestrous vagina is stratified squamous to stratified 
cuboidal. (Photomicrograph of a histologic section borrowed from 
the College of Veterinary Medicine, Iowa State University.) 

Figure 18.55. Vagina, Estrus, Queen. In carnivores, the vagina 

is lined by a thickened, keratinized, stratified squamous epithe- 
ium during estrus. Exfoliated keratinized cells are visible in the 
vaginal fumen in this micrograph. 

Figure 18.56. Urethra, x.s.. Queen. Section was taken from the 

region close to the bladder. This portion of the urethra is lined by 
a transitional epithelium. (Photomicrograph of a histologic section 
borrowed from the College of Veterinary Medicine, Iowa State 

University.) 

Figure 1 8.57. Junction of Vestibule and Urethra, x.s., Queen. 
Near the vestibule, the urethra is lined by a stratified squamous 
epithelium. Note the presence of cavernous spaces in the connec- 
tive tissue adjacent to the muscularis. Such spaces occur only in the 
distal two-thirds of the urethra in the doe, ewe, and queen. In all 
other domestic mammals, cavernous spaces occur throughout the 
entire length of the urethra. 
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Figure 18.56 
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Figure 18.58. Vestibule, Queen. Detail of a minor vestibular 

gland. The secretory tubules of these branched, tubular glands are 
lined by columnar cells. Their ducts are lined by stratified squa- 
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Figure 18.59 
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5. Neutrophil 

6. Parabasal cell 
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Figure 18.59. Vestibule, Queen. Detail of a major vestibular 

gland. These glands are found in queens and ruminants. They are 
compound tubular glands with secretory units like those of the mi- 









nor vestibular glan 



s (see Fig. 1 8.58). 



Figure 18.60. Vaginal Smear, Anestrus, Bitch (Hema-3). During 
anestrus, parabasal and intermediate cells are the predominant 

resent (see introduction for description of cell 
types). Neutrophils and bacteria may be present tn limited num- 
bers. 

Figure 18.61. Vaginal Smear, Early Proestrus, Bitch (Hema-3) 
During early to mid proestrus, smears may contain neutrophils 

various epithelial-cell types (parabasal, inter- 
superficial intermediate, and superficial cells). 

Figure 18.62. Vaginal Smear, Mid to Late Proestrus, Bitch (Diff- 

Quik). In late proestrus, superficial intermediate and 
cells are predominant. Neutrophils decrease in number at this 



epithelial 



Figure 1 8.60 
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Figure 18.63. Vaginal Smear, Estrus, Bitch (Diff-Quik). Most 
(90% or more) of the epithelial cells from a bitch in estrus are su- 
perficial cells. Erythrocytes may be present in small numbers. 
Some estrous smears may contain large numbers of bacteria. 

Neutrophils are not normally present. 
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Figure 18.73 
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1 . Atretic follicle 

2. Cloaca 

3. Developing follicle 



10. Oocyte, yolk-laden cytoplasm 

11. Ovary 

1 2. Perivitelline membrane 

1 3. theca externa 

1 4. Theca interna 

15. Uterus 

16. Vagina 

Yoitt sph 
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5. Isthmus 



6. Interstitial cells 

7. Magnum 

8. Membrana granulosa 
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thickened 
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Figure 1 8.69. Ovary, Developing Follicle, Hen. A portion of the 

wall of a developing follicle. Note the flattened cells of the theca 
interna and the presence of interstitial cells in the theca externa. 

Figure 18.70. Ovary 

cles, interstitial (luteal) 

inward (see Fig. 18.71). 

Figure 18.71. Ovary, Atretic Follicle, Hen. Detail of Figure 

18.70. 

Figure 18.72. Ovary, Atretic Follicle, Hen. Cells of the mem- 
brana granulosa have proliferated, forming a thick layer charac- 
teristic of many atretic foil 

Figure 18.73. Oviduct, Diagrammatic Drawing, Hen. The 

oviduct of the hen is divisible into an infundibulum, magnum, isth- 
mus, uterus, and vagina. 



Figure 1 8.70 



Hen. Ir i some atretic 
) cells proliferate, hypertrophy, and migrate 
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Figure 18,74 



X62.5 



Figure 18.78 
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3. Lamina propria 
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5. Mucosal fold, infundibulum 

6. Mucosal fold, magnum 

7. Muscularis 



1 0. Pseudostratified columnar ep- 
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1 1 . Regenerating gland 

1 2. Resting gland 

1 3. Secondary fold 

1 4. Secretory gland 
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Figure 18.74. Funnel of Infundibulum, Oviduct, x.s.. Hen. The 
mucosa is thrown into shallow ridges that increase in height as the 
funnel narrows toward the neck region. The epithelium is ciliated 
simple columnar. Scattered bundles of smooth muscle form the 
muscularis. A serosa covers the funnel externally. 

Figure 1 8.75. Neck of Infundibulum, x.s.. Oviduct, Hen. Tall pri- 
mary mucosal folds bear secondary and tertiary folds. 

Figure 18.76. Neck of Infundibulum, x.s.. Oviduct, Hen. Detail 

of mucosa showing folds lined by ciliated columnar cells. The bot- 
toms of the grooves between the folds are lined by nonciliated se- 
cretory cells. 

Figure 18,77. Neck of infundibulum and Magnum, x.s 
Oviduct, Hen. The primary mucosal folds of the magnum are taller 
and broader vis-a-vis the infundibulum, because of the presence 
of numerous tubular glands. 

Figure 18.78. Magnum, x.s., Oviduct, Hen. Portion of a fold. De- 
pending on their activity, the tubular glands of the magnum exhibit 
distinctive features. Three morphologic phases of activity can be 
recognized (regenerating, secretory, resting) (see Figs. 18.80 and 
18.81 for details). 
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MAMMALS 



he eye is a sensory organ designed for vision. Basically, it is composed of a lens and 
a wall that is divided into three layers: an outer fibrous tunic (corneoscleral layer), 
a middle vascular tunic (uvea), and an inner retinal tunic. The fibrous tunic is di- 
vided into the posterior, opaque sclera and the anterior, transparent cornea. The vascu- 
lar tunic includes the choroid, ciliary body, and iris. The retinal tunic consists of a ten-lay- 
ered. photosensitive retina and a bilayered, non photosensitive portion that covers the 
ciliary body and the posterior surface of the iris. 

The eye contains three fluid-filled regions. The anterior chamber is bordered by the 
cornea, iris, and lens. 1 lie posterior chamber is located between the iris, lens, zonular 
fibers, and ciliary processes. Both of these chambers contain aqueous humor. I lie most 
posterior compartment, the cavity of the vitreous humor, lies behind the lens. 

I he transparent, biconvex lens is avascular, it is composed entirely of epithelial cells 
enclosed within a homogeneous capsule. The cells on the anterior surface of the lens just 
below the capsule are simple cuboidal and form the lens epithelium. Toward the equator 
of the lens, the cells become long, prismatic, and arranged in meridional rows, forming 
lens fibers. As new lens fibers develop from the lens epithelium at the germinal zone of the 
equator, older lens fibers are displaced centrally and lose their nuclei. The lens is sus- 
pended by zonular fibers that extend from the lens capsule to the ciliary processes. 

The sclera consists of densely interwoven bundles oi collagenous fibers arranged par- 
allel to the surface of the wall of the eye. There are also fibroblasts, some fine elastic fibers, 
and scattered melanocytes, especially in the innermost region of the sclera. 

The cornea is avascular. Its anterior (outer) surface is covered by the non keratinized, 
stratified squamous anterior epithelium. Below this layer is Bowman’s membrane, which 
is not distinct in domestic mammals. The underlying stroma (substantia propria) is com- 
posed of thin lamellae ol collagenous fibers oriented parallel to the corneal surface. Fi- 
broblasts occur between the layers of fibers. Dcsccmet’s membrane is a relatively thick 
membrane that separates the stroma from the posterior epithelium. The latter consists of 
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a single layer of squamous to low cuboidal cells that covers 
the posterior surface of the cornea. 

The corneoscleral junction is calied the limbus. Here, 
the regular collagenous lamellae of the corneal stroma 
merge with the interwoven fibers of the sclera. The appear- 
ance of the stratified squamous epithelium of the cornea dif- 
fers from that of the bulbar conjunctiva, which overlies the 
sclera near the limbus. The deepest cells in the epithelium ol 
the bulbar conjunctiva are smaller and more closely packed 
than those of the anterior epithelium of the cornea. In addi- 
tion, the basal border of the conjunctival epithelium is un- 
even with the presence of an underlying, papillated layer of 
loose connective tissue. The boundary between the corneal 
epithelium and its underlying stroma, however, is smooth. 

The choroid is the portion of the vascular tunic of rhe 
eye that lies between the sclera and the photosensitive 
retina. It contains numerous melanocytes. The fine net- 
work of connective tissue of the suprachoroid layer joins 
the sclera to rhe vascular layer of the choroid. I he latter is 
composed of a profusion of blood vessels surrounded by 
loose connective tissue. The choriocapillary layer contains 
a thin network of capillaries that are distributed in a single 
plane. Bruch's membrane, a refractile membrane that lies 
between the choriocapillary layer and the pigment epithe- 
lium of the retina, is difficult to resolve. 

A reflective tapetum lucidum is located between the 
choriocapillary and vascular layers of the choroid in the 
dorsal portion of the eve. It is present in all domestic mam- 
mals except the pig. The horse and ruminants have a fi- 
brous tapetum lucidum composed of layers of collagenous 
fibers and fibroblasts, i be cat and dog have a cellular tape- 
tum lucidum formed by flattened, pentagonal or hexagonal 
cells that appear bricklike in profile. The tapetal cells are 
filled with numerous rod-shaped granules. The flat surfaces 
of the cells and the long axes of their rod-shaped granules 
lie parallel to the surface of the retina. 

The ciliary body is an anterior continuation of the 

choroid that extends to the base of the iris. The loose con- 
nective tissue of the stroma contains smooth muscle, the cil- 
iary muscle, that lies peripheral to an inner, vascular re- 
gion. The epithelium of the ciliary body, which is formed 
by cells of the nonphotosensitive portion of the retina, is 
called the pars ciliaris retinae. It is a bilayer of cells consist- 
ing of a basal layer of pigi nented cells and a surface layer of 
nonpigmented columnar cells. Short folds of the posterior 

surface of the ciliary body become longer toward the iris 

and form ciliary processes that project toward the lens. 
Zonular fibers extend from the processes to the lens cap- 
sule near the equator of the lens. 

The iris is the most anterior part of the uveal tract. It 
forms a thin, contractile diaphragm with a central apera- 
ture, the pupil. The base of the iris is attached to the ante- 
rior port ion of the ciliary body. The stroma of connective 

tissue of the iris contains many melanocytes and blood ves- 
sels. The stroma contains circumferentially arranged bun- 
dles of smooth muscle that form the sphincter (constrictor) 
muscle. The anterior surface of the iris is not covered by an 
epithelium, but rather by a discontinuous layer of stromal 
cells (fibroblasts and melanocytes). The posterior surface is 
covered by a hi layer of epithelial cells, the pars iridica reti- 
nae, which represents rhe most anterior continuation of the 



nonphotosenskive portion of the retina, ft consists of a su- 
perficial layer of pigmented columnar cells and a basal 

layer of partially pigmented myoepithelial cells. The latter 
are elongated, radially arranged, contractile cells that form 
the dilator vt muscle” of the iris. They have an apical, pig- 
mented portion containing the nucleus and a nonpig- 
mented basal portion. The nonpigmented regions of these 
cells border the stroma and appear as an acidophilic band. 
The pigmented portion of each myoepithelial cell lies just 
below the layer of pigmented columnar cells. In the horse, 
pig, and ruminant a number of corpora nigra (iris granules) 
project from the pupillary margin of the iris. They are 
highly vascularized proliferations of the stroma and the 
pigmented epithelial cells of the iris. 

At the peripheral margin of the anterior chamber is the 
f iltration angle, the area between the limbus, the base of the 
iris, and the ciliary body. I his triangular region is spanned 
by a latticework of trabeculae and in tertra becula r , fluid- 
filled spaces. The trabeculae are composed of connective 
tissue and pigment cells and are covered by a single layer of 
squamous cells. They form the pectinate ligament, the 
uveal trabecular meshwork, and the corneoscleral trabecu- 
lar meshwork. At the peripheral margin of the anterior 
chamber, excess aqueous humor passes through the open- 
ings within the pectinate ligament into the spaces of 
Fontana within the uveal trabecular meshwork. These 
spaces communicate with those of rhe corneoscleral tra- 
becular meshwork, which drain into the scleral venous 
plexus. In the horse the limbus does not overlap the pecti- 
nate ligament of the filtration angle, so that the pectinate 
ligament is apparent by direct examination of rhe eye. In 
the other domestic mammals the limbus covers the pecti- 
nate ligament, which is therefore obscured from view by 
the opaque sclera. 

The retina is the innermost layer of the wall of the eye. 

I he photosensitive portion lines the inner surface of the eye 
(adjacent to the cavity of the vitreous humor) from the ora 
ciliaris retinae to the optic disc. The latter is the point of 
transition from the photosensitive retina to the non photo- 
sensitive retina. From the ora ciliaris retinae, the nonpho- 
tosensitive portion continues anteriorly as a bilayer of cells, 
forming rhe pars ciliaris retinae and the pars iridica retinae, 
which cover the ciliary body and the posterior surface of 
the iris, respectively. 

From the choroid to the cavity of the vitreous humor, 
the 10 layers of the photosensitive retina are as follows: 

Pigment epithelium 
Layer of rods and cones 

Outer limiting membrane (usually not apparent) 

Outer nuclear layer 
Outer plexiform layer 
Inner nuclear layer 
Inner plexiform layer 
Ganglion cell layer 

Nerve fiber layer 
Inner limiting membrane 

In that part of the eye where the tapetum lucidum is lo- 
cated, the cuboidal cells of the pigment epithelium contain 

few or no pigment granules. In other parts of the eye, pig- 
ment granules are numerous in the cells of the pigment ep- 
ithelium. 
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! lie nerve-fiber layer consists of axonal processes of 
the ganglion cells that converge at the optic disc and form 
the optic nerve. Because photoreceptor cells are not present 
here, this region is also referred to as the blind spot. Bun- 
dles of fibers of the optic nerve pass through perforations 
of the sclera. This sievelike part of the sclera is the lamina 
cribrosa. 

The conjunctiva is a thin, transparent, mucous mem- 
brane. The bulbar conjunctiva is continuous with the ante- 
rior surface of the cornea at rhe limbus and covers the 
sclera for a short distance. The palpebral conjunctiva lines 
the internal surface of the eyelids. The fornix of the con- 
junctiva is the point of reflexion of the bulbar and palpe- 
bral conjunctiva. The epithelium of the conjunctiva varies 
from stratified squamous to stratified columnar and may 
even appear transitional. Goblet cells are often present. The 
underlying layer of loose connective tissue may contain dif- 
fuse or nodular lymphatic tissue. 

The eyelids are covered internally by the palpebral con- 
junctiva and externally by thin skin. The skin contains hair 
follicles, sweat glands (glands of Moll), and sebaceous 
glands (glands of Zeiss). In t he pig the glands are particu- 
larly well developed. Between the dermis of the skin and the 
lamina propria of the palpebral conjunctiva is a plate of 
dense connective tissue, the tarsus (tarsal plate). Large, 
multilobular, sebaceous glands, called tarsal (Meibomian) 

glands, are embedded in the tarsus. Their central ducts 
open onto the palpebral surface near its junction with the 
skin. 



sides. Dense connective tissue encloses the scleral ossicles 
and extends posteriorly, peripheral to the cartilage layer. 

The layers of rhe cornea of the chicken are similar to 
those of mammals. Bowman's membrane, however, is 
thicker and therefore more apparent in histologic prepara- 
tions. Descemet’s membrane is relatively thin and less dis- 
tinct. 



The choroid is a thick, vascularized coat with numer- 
ous pigment cells. The suprachoroid abuts the thin peri- 
chondrium of the scleral cartilage. The vascular layer of the 
choroid contains blood vessels and large spaces embedded 
in loose connective tissue. The choriocapillary layer is sep- 
arated from the pigment epithelium of the retina by an in- 
distinct Bruch’s membrane. No tapetum lucidum is present 
in the chicken. 

The ciliary body is a thin layer of loose connective tis- 
sue with a thick outer region of numerous elastic fibers. It 
is covered by a bilayer of more or less cuboidal, pigmented 

basal cells and cuboidal to columnar, nonpigmented sur- 
face cells, bolds of the lining of the ciliary body form ciliary 
processes thar fuse to the lens capsule in the region of the 
equator of the lens. More posteriorly, zonular fibers extend 
from the ciliary body to the lens capsule. The ciliary mus- 
cles (Crampton’s and Briicke’s) are skeletal muscles that lie 
across from the ciliary body, just inside rhe main portion of 
the sclera. 

The iris is thickest just above its narrow base, then ta- 
pers toward the pupillary margin. The stroma contains a 
sphincter and dilator muscle. Both of these are formed 
from small skeletal muscle cells that contain lipid vacuoles. 
The dilator muscle is sparse and posterior to the thicker 
sphincter muscle. The anterior (corneal) surface of the iris 
is covered by a simple layer of nonpigmented, flattened ep- 
ithelial cells. The posterior (lens) surface of the iris is cov- 
ered by a stratified layer of pigmented epithelial cells, three 
to five cells thick. 

The photosensitive retina of rhe chicken is composed 
of 10 layers, as in mammals, but unlike that in mammals is 
avascular. The cells of the pigment epithelium are consid- 
erably different in the chicken. They are tall and narrow 

rather than cuboidal. The nucleus occupies the smaller, 
basal region of each cell, which contains few or no pigment 
granules. The apical portion is filled with rod-shaped pig- 
ment granules that are oriented parallel to the long axis of 
the cell. The apical cytoplasm often appears to be separated 
into tufts or strands of pigment granules. 

The pecten is a thin, highly vascular, pleated mem- 
brane that protrudes into the cavity of the vitreous humor 
from the ventral surface of the eye. Its base is secured in- 
termittently ro the linear, optic disc. The apical surface is 
attached ro a thickened mass of pectineal tissue called the 
bridge. The pecten is characterized by an extensive network 
of capillaries lined by thick endothelial cells with plump nu- 
clei. Polymorphic pigment cells fill the spaces between the 
capillaries and larger vessels, i 'he pecten is draped by a cov- 
ering membrane, which is thought ro be continuous with 
the inner limiting membrane of rhe retina. 

The filtration angle of the chicken is somewhat differ- 
ent from that of mammals. It is filled by a trabecular mesh- 
work formed by the pectinate ligament (uveal mesh work) 
and the scleral trabecular meslnvork. The pectinate liga- 



The nictitating membrane (third eyelid) is a ventrome- 
dial fold of conjunctiva. It is supported by hyaline cartilage 
in the dog and ruminants and by elastic cartilage in the cat, 
horse, and pig. The superficial gland of the nictitating 
membrane surrounds the base of the cartilage. It is a serous 
gland in the horse and cat, mixed in the dog and ruminants, 
and mucous in the pig. The pig also has a Harderian gland 
(deep gland of the nictitating membrane) that produces a 

fatty secretion. 

The lacrimal gland is a tubuloacinar gland, serous in 
the cat and mixed in the horse, ruminant, dog, and pig. It 
is predominantly a mucous gland in the pig and mostly 
serous in rhe horse anti ruminant. There are also accessory 
lacrimal glands, such as Krause's gland, which may be 
serous or mixed. 



CHICKEN 



The eye of the chicken is quite different from that of mam- 
mals. Within the capsule the lens is divided into the annu- 
lar pad and the lens body. I he annular pad forms an outer 
ring around rhe equator of rhe lens body. It consists of ra- 
dially arranged lens fibers with peripheral nuclei. In the lens 
body rhe lens fibers are oriented parallel to the optical axis 

of the eye, and some nuclei are present, primarily near the 
annular pad. 

A remarkable feature of the avian sclera is rhe presence 
of a ring of overlapping scleral ossicles, anteriorly, and a 
cup-shaped layer of hyaline cartilage, the scleral cartilage, 
posteriorly. The latter terminates internal to the scleral os- 
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me iH is a loose network of elastic fibers covered by simple 

squamous cells. It spans the filtration angle from the scleral 
trabecular meshwork to the iris and the elastic tissue of the 
ciliary body. The trabecular meshwork of the pectinate lig- 
ament encloses the spaces of Fontana. The latter commu- 
nicate with the spaces of the scleral trabecular meshwork, 
which is formed by collagenous and elastic fibers. These 
spaces communicate with the canal of Schlemm within the 
sclera. 



membrane. A supportive cartilage is absent. The inner sur- 
face of the eyelids is lined by the palpebral conjunctiva. The 
external surface is covered by thin skin with sparse feath- 
ers. No glands are present. 

The lacrimal gland is a small, tubular gland that pro- 
duces a mucous secretion. Ir lies medial to the caudal part 
of the lower eyelid, i he Harden an gland is a larger gland 
that lies on the dorsal posterior surface of the eye. It is char- 
acterized by numerous plasma cells that surround the tubu- 
lar secretory units. 



The chicken has a thin, well-developed nictitating 
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Figure 19.1. Eye, sagittal section, Dog 
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Figure 19.6 
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Figure 1 9.2. Eye, Dog. Anterior, peripheral portion of the eye. 

Figure 19.3. Lens, Equator, Horse. Newly formed and older lens 
fibers are visible in this section through the germinal zone. The lat- 
ter is the marginal band of lens epithelium that lies around the 
equator. Its cells are capable of dividing throughout adult life. 

Figure 1 9.4. Ciliary Body, Dog. The epithelium of the ciliary body 
is called the pars ciliaris retinae. This portion of the nonphotosen- 
sitive retina consists of an inner (closer to the cavity of the vitreous 
humor), nonpigmented layer and an outer, heavily pigmented 

layer of cells. 



Figure 19.3 



Figure 19.5. Ciliary Body, Cat (Orcein). In addition to smooth 
muscle (see Fig. 1 9.4), the ciliary body contains an abundance of 






elastic fibers. 



Figure 19.6. Eye, Horse. In a section through a horse's eye, the 
limbus does not overlap the pectinate ligament. Compare with Fig- 

1 9.7. The filtration angle is indicated by the trianqular-shaped 
area marked by the dashed line. 
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section through the eye of a domestic 



Figure 1 9.7. Eye, Pig. In 

mammal other than the horse, the limbus overlaps the pectinate 

ligament. The area of the filtration 
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Figure 19.9. Ciliary Processes, Pig. The nonpigmented cells of 

the epithelium of the ciliary processes cover the pigmented cells 
Together these two layers of cells comprise the pars ciliaris retinae, 
which extends from the ora ciliaris retinae to the iris. The nonpig- 
mented cells give rise to the zonular fibers. 

Figure 19,10. Iris, Horse. The back surface of the iris is covered 
by a continuation of the pars ciliaris retinae and is called the pars 
iridica retinae. The surface layer of the pars iridica retinae consists 
of heavily pigmented cells, and its inner layer is formed by the 
contractile, pigmented myoepithelial cells that dilate the iris. Ante- 

the iris is covered by a discontinuous layer of stromal cells. 
Figure 19.1 1. Iris, Dog. The heavily pigmented cells of the pars 

iridica retinae cover the posterior surface of the iris. The myoep 
ithelial cells of the pars iridica retinae are partially pigmented in 
the region of their nuclei. 
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Figure 19.9 
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Figure 19.12. Iris, Cat. In the cat the melanocytes of the iris are 
binucleate and contain rod-shaped meianosomes 

Goat. In ungulates the pupillary 

which are 
epithelium 
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Figure 19.13. Corpus Nigrum 

border of the iris is differentiated into corpora nigra, 
vascularized outgrowths of the stroma and pigmented 
of the iris. 
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Figure 19.14. Cornea, Dog. The anterior surface is covered by 
nonkeratin ized stratified squamous epithelium. The posterior sur- 
face is covered by squamous or low cuboidai cells. 

Figure 19.15. Junction of Cornea and Bulbar Conjunctiva, Pig. 

Both the cornea and bulbar conjunctiva are covered by a nonker- 
atin ized stratified squamous epithelium at their junction. The basal 
border of the conjunctiva is irregular, and the cells of its deepest 
layers are smaller than those of the anterior epithelium of the 

cornea. 

Figure 19.16. Ora Ciliaris Retinae, Dog. The transition zone be- 
tween the photosensitive and the nonphotosensitive (pars ciliaris 
retinae) regions of the retina is named the ora ciliaris retinae. 
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Figure 19.14 
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Figure 19.17. Optic Nerve, sagittal section, Dog. Nerve fibers of 

the retina converge to form the optic nerve at the optic disc (blind 

spot). 

Figure 19.18. Lamina Cribrosa, x.s., Dog. At the lamina cribrosa 
the connective tissue of the sclera forms a sievelike framework 
which subdivides the optic nerve into bundles of fibers 

Figure 1 9. 1 9. Retina, Choroid, and Part of the Sclera, Pig. Note 

that the dendrites (cones) of cone cells of the pig are particularly 
plump and easily recognized. 

Figure 1 9.20. Fibrous Tapetum Lucidum, Sheep. The tapetum lu* 

of ruminants and horses is a compact membrane of con- 
nective tissue sandwiched between the choriocapillary and vascu- 
lar layers of the choroid. The cells of the pigment epitneli 
retina contain few 



Figure 19.18 
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Figure 19.19 
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Figure 19.25 
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6. Cytoplasmic process 
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10. Inner nuclear layer 
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1 2. Layer of rods and cones 



21 . Tapetal cell 
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23. Vascular layer, choroid 



19.21. Retina, Choroid, and Part of the Sclera, Dog. 

ere the tapetum lucidum is lacking from the choroid layer, the 
cells of the pigment epithelium of the retina contain numerous 

melanosomes. 
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Figure 19.22 



19.22. Cellular Tapetum Lucidum, Dog. In profile, the 

cells of the tapetum lucidum of carnivores are brickiike. Note that 
in this section the cells of the pigment epithelium of the retina 

indistinct and lack pigment. Compare with Figure 1 9.21 . 

Figure 1 9.23. Melanocytes of Choroid Layer, Dog. Melanocytes 

of the choroid layer are flat polygonal cells with cytoplasmic pro- 
cesses. Their polygonal shape is evident in this tanqential cut 
through the choroid layer. 

Figure 19.24, Tapetum Lucidum, Doa. Tapetal cells are flattened 

and have a pentagonal or hexaqonal outfine, which is apparent 
this tangential section through the choroid layer. The cells are 
filled with numerous small rods, whose long axes parallel the flat 

surfaces of the cells. 

Figure 19.25. Nictitating Membrane and Cornea, Horse. A por- 
tion of the bulbar surface of the nictitating membrane and its sup- 
portive cartilage are shown. The nictitating membrane is a fold of 
the ventromedial portion of the conjunctiva. It contains elastic car- 
tilage in the horse 

ana ruminants. 
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Figure 19.30 
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Figure 19.26. Superficial Gland of the Nictitating Membrane, 
Dog. The base of the cartilage of the nictitating membrane is 

rounded by the superficial gland. 

Figure 19.27. Superficial Gland of the Nictitating Membrane, 

Dog. This gland is mixed in the dog and ruminants. It is serous in 
the horse and cat and mucous in 

Figure 19.28. Palpebral Conjunctiva, Pia. The palpebral con- 
junctiva is a mucous membrane that lines tne inner surface of the 
eyelid. Its stratified epithelium varies from squamous through 
columnar and may even appear transitional. Goblet cells may 
present. 

Figure 1 9.29. Eyelid, Lower, Horse. The outer surface of the eye- 

lief is covered by thin skin, while the inner surface is lined by the 

palpebral conjunctiva. The tarsal gland is a mulHlobulated gland 

whose duct opens onto the palpebral surface near the margin of 
the eyelid. The tarsal gland is surrounded by a condensed layer of 
connective tissue, the tarsus. 

Figure 19.30. Eyelid, Upper, Pig, Numerous tubular sweat 
glands (and sebaceous glands, not shown) occur in the skin sur- 
face of the eyelid of the pig. 
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Figure 19.27 
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Figure 19.28 
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1 . Annular pad 

2. Anterior chamber 

3. Briicke's muscle 

4. Bulbar conjunctiva 

5. Canal of Schlemm 

6. Capsule 

7. Cavity of the lens 

8. Cavity of vitreous 
humor 

9. Ciliary body 

10. Ciliary process 

1 1 . Cornea 

1 2. Crompton's muscle 

13. Dilator muscle 

14. Iris 



1 5. Lens body 

1 6. Lens fibers, annular pad 
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1 8. Nonpigmented epithelium, iris 

1 9. Pectinate ligament 

20. Pigmented epithelium, 

2 1 . Posterior chamber 

22. Sclera 

23. Scleral cartilage 

24. Scleral ossicle 

25. Scleral trabecular meshwork 

26. Spaces of Fontana 

27. Sphincter muscle 

28. Zonular fibers 
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Figure 19.36 






Figure 19.36. Eye, Drawing of an Anterolateral Segment, 
Chicken. 

Figure 19.37. Lens, Chicken. A portion of the annular pad and 



body 



ens 



- 



Figure 19.38. Filtration Angle, Chicken. The filtration angle is 

bordered by the cornea, iris, ciliary body, and sclera in the 
chicken. It is bridged by a trabecular meshwork of the pectinate 
ligament, which encloses the spaces of Fontana. 

Figure 19.39. Ciliary Process, Chicken (Masson's). Ciliary pro* 

cesses occur below the base of the iris and fuse with the lens cap- 
sule of the annular pad. The ciliary epithelium also attaches to f 
capsule by zonular fibers. 
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Figure 19.44 



Figure 19.40 
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1 . Bowman's membrane 

2. Ciliary body 

3. Descemet's membrane 

4. Dilator muscle cell 

5. Elastic fiber 

6. Lipid vacuole 

7. Non pigmented epithelium, 



1 0. Posterior epithelium 

1 1 . Scleral cartilage 

1 2. Scleral ossicle 

1 3. Space artifact 

1 4. Sphincter muscle ce 
1 5. Squamous cell, nucleus 

16. Stratified 

epithelium 

17. Stroma 
1 8. Zonular fibers 
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Figure 1 9.40. Iris, Chicken. The iridial musculature of the chicken 

is composed of skeletal muscle cells, which are characterized by 
the presence of numerous lipid vacuoles. Unlike mammals, the an- 
terior (corneal) surface of the iris is covered by a layer of flattened, 
nonpigmented epithelial cells. The posterior (lens) surface of the 
iris (see Fig. 1 9.39) is covered by a stratified pigmented epithe- 



Figure 19.41 



lium that is three to five cells thick. 






Figure 19.41. Junction of Ciliary Body and Iris, Chicken (Or- 
cein). The elastic fibers of the pectinate ligament insert into an elas- 
tic meshwork of the ciliary body. 

Figure 19.42. Pectinate Ligament, Chicken. The elastic fibers of 

the pectinate ligament are covered by a simple squamous epithe- 
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Figure 19.43. Cornea, Chicken. A well. developed Bowman' 

membrane separates the anterior, stratified squamous epithelium 
of the cornea from the underlying stroma. 

Figure 19.44. Sclera, Chicken. The sclera is strengthened anteri- 

Ty by overlapping bony plates (scleral ossicles). Posteriorly, it 
consists of a thin layer of cartilage. See Figure 1 9.36 for the loca- 
tion of ossicles and cartilage. The region of overlap of these skele- 
tal elements is shown here. In this section the ciliary body has sep- 
arated from the sclera, creating a space artifact. 
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8. Inner nuclear layer 
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14. Optic nerve 

1 5. Outer nuclear lay 
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Pigment epithelium 
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Figure 19.45. Retina and Choroid, Chicken. The bulk of the 

choroid is composed of blood vessels and large spaces supported 
by a loose connective tissue. The layers of the retina are compa- 

rable with those of mammals. 

Figure 19.46. Retina and Choroid, Chicken. Cells of the pigment 

epithelium of the retina are tall and contain rod. shaped pigment 
granules. The basal region of each cell contains the nucleus and 
few pigment granules. 

Figure 19.47. Pecten, Chicken. The pecten is a thin, folded, and 
heavilv pigmented membrane that projects into the vitreous humor 
from the posteroventral surface of the 
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Figure 19.48. Pecten, Chicken. Numerous, polymorphic 

melanocytes are interspersed through this highly vascularized, nu- 
tritive membrane The large capillaries are lined by thick endothe- 
lial cells with plump nuclei. 

Figure 19.49. Bridge of Pecten, Chicken. This thickened, highly 

pigmented mass of pectineal tissue is located along the free edge 
of the pecten . 
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4. Epidermis 

5. Extrinsic muscle 

6. Feather follicle 

7. Harderian gland 
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Figure 19.50. Eyelid, Chicken. A thin epidermis covers the eye- 
lid. Herbsf corpuscles are associated with a feather follicle. 

Figure 19.51. Lacrimal Gland, Chicken. This compound tubular 

gland produces a mucoid secretion and is organized into lobules 

Figure 19.52. Harderian Gland, Chicken. This accessory 
munologic gland contains a multitude of plasma cells. It is located 
on the dorsal posterior surface of the eye. 

Figure 19.53. Harderian Gland, Chicken. Detail of the Harde- 
rian gland showing numerous [ 
uolated cells of the tubular secretory units. 
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Figure 19.50 
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Figure 1 9.52 
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nal components. The external ear collects sound waves, which it channels to the tympanic 
membrane. Vibrations produced in the latter are transmitted by the ossicles of the middle 
ear to fluids of the internal ear, where they generate movements of the delicate basilar 
membrane. Such movements stimulate sensory hair cells from which impulses are relayed 
by sensory nerves to the brain, where the sound is identified. 



MAMMALS 



I he external ear of domestic mammals is comprised of the pinna (auricle), which collects 
sound, and an external auditory meatus, which conveys the sound waves to the tympanic 
membrane. 

The external auditory meatus is lined by a continuation of the surface skin, i lair, se- 
baceous glands, and tubular ceruminous glands are present. The combined secretions of 
these glands, plus sloughed epithelial cells, form cerumen (ear wax). The outer portion of 
the meatus is supported by cartilage, the remainder by bone. 

Middle-ear ossicles (malleus, incus, and stapes) are located in the tympanic cavity. 
They bridge the cavity from the tympanic membrane to the oval window located within 
the petrous part of the remporal bone. 

he tympanic cavity is surrounded by bone. The tympanic membrane forms rhc lat- 
eral wall of the cavity. It is composed of a thin, outer layer of epithelium th.u is continu- 
ous with the skin of rbe external auditory meatus; a thin layer of connective tissue; and 
an inner layer of simple squamous or cuboidal epithelium. The remainder of the cavity is 
lined by ciliated columnar and simple squamous cells. The latter cover the ossicles, as well 

as portions of the wall of the cavity. 
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The membranous labyrinth of the inner ear consists of 
the cochlear duct, sacculus, utriculus, and semicircular 
ducts. Cavities within the petrous segment of the temporal 
bone, lined by periosteum and containing perilymph {a 
fluid similar to cerebrospinal fluid), house the membranous 
labyrinth. Those cavities containing the semicircular ducts 
are called the semicircular canals; the one containing the 
sacculus and utriculus is called the vestibule; and the one 

containing the cochlear duct (membranous cochlea, sea la 

media) is named the cochlear canal (bony cochlea). The 
cochlear canal spirals like a snail shell around a central pil- 
lar of bone, the modiolus. A thin shelf of bone, rhe osseous 
spiral lamina, travels lip the modiolus like the thread of a 
screw. The number of turns in the cochlear canal varies. 
There are two and one-half in the horse, three in the cat, 

and four in the pig, for example. 

Each semicircular duct is lined by a mesothelium, is 
filled with endolymph, and bears an expansion, the am- 
pulla. A sensory structure, the crista ampul laris, is located 

in eacli ampulla, i he sensory hair cells and supporting cells 

of each crista are covered by a gelatinous cupula. When rhe 
latter is deflected during rotational movements of the head, 
the sensory cells are stimulated and impulses are sent to the 
brain, where rhe signals are interpreted. 

Both the sacculus and utriculus are filled with en- 
dolymph and are lined, in part, by maculae, which are 
patehlike collections of sensory hair cells and supporting 
cells. Phe remainder of these structures is lined by mesothe- 
lium. Km bedded in the outer surface of the gelatinous 
otolithic membrane covering the maculae are numerous 
crystalline particles of calcium carbonate called otoliths 
(otoconia, statoconia). As the membrane shifts in response 
to gravity acting on the otoliths, sensory cells of the macu- 
lae are stimulated. Impulses sent to the brain in response to 
the stimulus make the animal aware of the position of its 
head in space. Also, because ol the effect of inertia on the 
otolithic membranes when the body suddenly begins to 
move or slow down, hair cells are stimulated and the sen- 
sations of acceleration and deceleration are experienced. 

The spirally organized cochlear duct is filled with en- 

dolymph and is roughly triangular in cross section. One 
side of the duct is attached to the spiral ligament, a thick- 
ening of the periosteal lining of the cochlear canal. 1 his side 
consists of a stratified cuboidal epithelium, the stria vascu- 
laris. Capillaries occur among the superficial cuboidal cells 
of the stria. The side of the duct opposite rhe stria is 
pointed. The floor of the duct is formed from the fibrous 
basilar membrane, which extends from the spiral ligament 
to the osseous spiral lamina. The roof is formed from the 
vestibular (Reissner’s) membrane, which consists of two 
adjacent layers of simple squamous epithelium. Above the 
roof is a large chamber, the scala vestibuli, which is filled 
with perilymph. Below the floor of the cochlear duct is an- 
other large chamber filled with perilymph, the scala tym- 
pani. All three scalas follow a spiral path to the top of the 
cochlear canal. At the apex the scala vestibuli communi- 



cates with the scala tympani through a tiny opening called 
the helieotrema. 

The upper surface of the basilar membrane supports 
the acoustically sensitive organ of Corti, which is bathed by 
the endolymph within the cochlear duct. The lower surface 
of the basilar membrane is lined by a simple squamous ep- 
ithelium that faces the scala tympani. The organ of Corti is 
comprised of sensory hair cells and various different sup- 
porting cells. Overlying the organ of Corti and extending 
from the spiral limbus (an elevation of connective tissue 
above the osseous spiral lamina) is the proteinaceous, tec- 
torial membrane. Stereocilia of rhe sensory cells of the or- 
gan of Corti contact the tectorial membrane. I he stere- 
ocilia are displaced when the basilar membrane vibrates in 
response to sound waves passing through the fluid-filled 
scalas. The sensory cells respond to this perturbation by ini- 
tiating impulses in the cochlear nerve, which are transmit- 
ted to the brain for interpretation. The stimulatory sound 
waves are dissipated through the secondary tympanic 
membrane of the round window located in the lower part 
of the medial wall of the tympanic cavity. 



CHICKEN 



The ear of the chicken consists of the same basic compo- 
nents as that of the mammal, but there are some differ- 
ences. 



Although an external auditory meatus is present in the 
chicken, it is relatively short, and there is no pinna. 

The middle ear is lined by a cuboidal epithelium that 
also covers the columella, a single partially ossified rod that 
extends from the tympanic membrane to the oval window. 
The columella transmits vibrations from the tympanic 

membrane to the internal ear, taking the place of the 

malleus, incus, and stapes of mammals. 

Unlike mammals, the sacculus of the internal ear con- 
tains two maculae. The cochlear duct is a short, narrow, 
slightly curved tube, it possesses a terminal expansion, the 
lagena, a structure peculiar to birds. The lagena contains a 
macula that is similar in structure and function to other 
maculae (see under Mammals). The cochlear duct is sepa- 
rated from the overlying scala vestibuli by rhe tegmentum 
vasculosum. The latter is composed of a thin membrane of 
connective tissue integrated with a highly folded epithelium 

containing numerous blood vessels. The epithelium faces 

the cavity of the cochlear duct. The tegmentum occupies 
the same position as the vestibular membrane in mammals. 

The common wall separating the cochlear duct from the 
scala tympani below is formed from the basilar membrane, 
a platform thar supports the organ of Corti (papilla acus- 
tica or basilaris). As in mammals, the organ of Corti is com- 
posed of sensory and supporting cells and is overlain by a 
tectorial membrane that is in contact with the sensory hairs 
(stereocilia) of the sensory cells. 
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Figure 20.5 
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Figure 20.1 
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7. External auditory meatus 

8. Hair follicle 

9. Pigment 
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1. Adipose tissue 

2. Bone 

3. Ceruminous gland 

4. Duct 

5. Elastic cartilage 

6 . Epidermis 
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1 1 . Tympanic cavity 

1 2. Tympanic membrane 
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Figure 20. 1 . External Auditory Meatus, Puppy. The outer portion 
f the meatus is supported by elastic cartilage. The thin epidermis 
is underlain by numerous sebaceous glands and a few ceruminous 
glands. Small hair follicles are present. 
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Figure 20.2. External Auditory Meatus, Puppy. The external au- 

the tympanic membrane, contains large se- 
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Figure 20.2 
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Figure 20.3. External Auditory Meatus, Goat. Outer portion of 

the meatus with numerous ceruminous glands. Hair follicles and 
portions of sebaceous glands are also present. 

Figure 20.4. Ceruminous Gland, Goat. The secretory epithelium 

r these apocrine glands varies from cuboidal to columnar. The 
cells contain tiny, brown pigment granules. 

Figure 20.5. Tympanic Membrane, Periphery, Puppy. The tym- 
panic membrane has a core of collagenous fibers. Its outer (exter- 
nal auditory meatus) surface is covered by a stratified squamous 

ium; its inner (tympanic cavity) surface is covered by a sim- 
ple squamous or cuboidal epithelium. 
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Figure 20.6 



Figure 20. 1 0 



X125 



KEY 



1 . Annular ligament 

2. Articular cartilage 

3. External auditory meatus 

4. Facial nerve 

5. Footplate, stapes 

6. Incus 

7. Joint capsule with elastic 
f i bers 

8. Lenticular process, articular 
cartilage 

9. Ligament 



10. Malleus 

1 1 . Sacculus, macula of 

1 2. Stapes, articular cartilage 
1 3. Synovial cavity 

1 4. Temporal bone, petrous 

part 

1 5. Tympanic cavity 

1 6. Tympanic membrane 

1 7. Utriculus, macula of 

18. Vesti 



Figure 20.6. Malleus and Tympanic Membrane, Puppy. The 

handle (manubrium) of the malleus is attached to the tympanic 
membrane. 

Figure 20.7. Tympanic Membrane, Pup 

manubrium of the malleus is embedded in t 
brane, the connective tissue of the tympanic mem 
than elsewhere, and blood vessels are abundant. 

Figure 20.8. Portion of Stapes and Incus, Puppy. The footplate of 

the sto ipes is attached to the oval window by an annular ligament 
(broken on one side in this section). The stapes articulates with the 
lenticular process of the incus. 

Figure 20.9. Joint, Malleus and Incus, Puppy. The head of the 

articulates with the body of the incus in this synovial joint. 

Figure 20.10. junction of Lenticular Process and Stapes, Puppy. 

The stapes articulates with the lenticular process of the incus. See 

Figure 20.8 



Figure 20.7 
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Figure 20.11. Annular Ligament Stapes, Puppy. 

fastened to the circular cartilage of the oval 
broelastic, annular ligament. See Figure 20.8 for orientation 
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Figure 20.12. Macula of Sacculus, Puppy. Otoliths are embed- 
ded in a gelatinous otolithic membrane, which lies on an epithe- 
ium consisting of sensory and supporting cells. Chalicelike, Type 
I sensory cells and the basal nuclei of supporting cells are evident 
in this micrograph. 
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Figure 20.13. Crista Ampullaris, Puppy. This ridge of sensory 

epithelium, supported by connective tissue, protrudes into the 

ulla of a semicircular duct and is oriented at right angles to the 
ong axis of the duct. The epithelium consists of sensory and sup- 
porting cells similar to those found in the maculae. A mass of 
gelatinous material, the cupula, covers the surface epithelium. 

Figure 20.14. Guttural Pouch, Horse. This diverticulum of the eu- 

stachian tube is lined by a ciliated, pseudostratified columnar ep- 
ithelium with goblet cells. Mixed glands occur in the lamina pro- 
pria. 
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Figure 20. 1 6 



KEY 



1 . Basilar membrane 

2. Cochlear duct 

3. Cochlear nerve 

4. Inner tunnel 

5. Modiolus 

6. Organ of Corti 

7. Osseous spiral lamina 

8. Scab tympani 

9. Scab vestibuli 



10. Spiral ganglion 

Spiral ligament 
1 2. Spiral limbus 



11 . 



1 3. Spiral tunnel 



1 4. Stria vascularis 

1 5. Tectorial membrane 

1 6. Temporal bone, petrous part 

1 7. Vestibular membrane 



Figure 20. 1 5. Cochlea, Puppy. Cross section through a portion of 
the spiral cochlea. See Figure 20.1 6 for details of cochlear duct 
reg ion . 

Figure 20.16. Cochlea, Puppy. Detail of the region of the 

cochlear duct (scab media, membranous cochlea). 
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KEY 



1 3. Organ of Corti 

1 4. Perilymphatic space 

15. Rapne 

1 6. Scab media (cochlear 

duct} 

1 7. Scab tympani 

18. Scab vestibuli 

1 9. Semicircular canal, wall 

20. Semicircular duct, wall 

2 1 . Supporting cells 

22. Tectorial membrane 

23. Tegmentum vasculosum 



1 . Basilar membrane 



2. Blood vessel of 



connective tissue base 

3. Capillary 

4. Cartilaginous frame, caudal 

5. Cartilaginous frame, rostral 

6. Cochlea, bony wall 

7. Cochlear nerve 

8. Dark cell 

9. Endolymphatic space 

10. Hair cells 

1 1 . Homogeneous cells 
1 2. Light cell 



Chicken. The semicircu- 



Figure 20.17. Semicircular Canal, 

lar canal is a part of the bony labyrinth. It contains the semicircu- 
lar duct, a part of the membranous labyrinth. The duct is lined by 

except at the raphe, where 



x.s 



Figure 20.1 7 
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le squamous 
cells form the lining. 



epithelium 



* 



a simpit 
cuboidal 












Chicken (Masson's). 

Figure 20.19. Organ of Corti, Cochlea, x.s.. Chicken (Mas- 
son's) . 

Figure 20.20. Tegmentum Vasculosum, Cochlea, Chicken (Mas- 
son s). This thick membrane rests on a thin base of connective tis- 
sue and possesses a highly folded epithelial surface with numer- 
ous vascular loops. The epithelium consists of light and dark cells. 
Dark cells have a constricted neck region that extends to the sur- 
face of the epithelium. Their basal portion contains the 
and is irregularly shaped. The cytoplasm is very dense. Light cells 

pafe cytoplasm and surround the dark cells. 



Figure 20. 1 8. Cochlea 
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A band: The part of a sarcomere, of both skeletal and car- 
diac muscle cells, containing actin and myosin myofila- 
ments and located centrally between the I bands of the 

sarcomere. 

Abomasum: The glandular stomach of a ruminant. 

Accessory gland: The name applied to any of the following 
glands of the male reproductive system: bulbourethral, 
prostate, seminal vesicle. 

Acid stain (anionic stain): A dye, used for histologic or cy- 
tologic staining procedures, that carries a negative 
charge. Such dyes attach electrostatically to positively 
charged components of cells or other tissue elements. 

Acidophil (alpha cell): An acidophilic chromophil found 

within the pars distalis of the pituitary. 

Acidophilic: A cell or tissue component that is selectively 
stained by an acid dye. 

Acinus: A small grape-shaped secretory unit of an acinar 

gland or tubuloacinar gland. 

Adenohypophysis: The glandular portion of the pituitary. 
It is derived during development from Rathke's pouch. 
It includes the pars distalis, pars tuberalis, and the pars 
intermedia. 

Adipocyte: Synonym for fat cell. 

Adipose tissue: Aggregates of adipocytes within loose con- 
nective tissue. 

Adr enal cortex That part of the adrenal gland surrounding 
the medulla. It is divisible into four zones of cells that 
produce steroid hormones. 

Adrenal medulla: The region interior to the cortex of the 
adrenal gland. The chromaffin cells of the medulla se- 
crete the hormones epinephrine (adrenalin) and nore- 
pinephrine. 

Adventitia: The external layer of connective tissue covering 
a structure. 

Afferent arteriole: Smallest branch of the renal artery that 
delivers blood directly to the glomerulus of a renal cor- 
puscle. 



Agranulocyte: A leukocyte that lacks specific granules, c.g., 
a lymphocyte or monocyte. 

Air capillary: In birds, a tiny respiratory tubule forming 

part of a network connecting parabronchi, Respiratory 
exchange occurs between the blood in surrounding 
blood capillaries and the gas within air capillaries. 

Air sac: One of several rather large, thin-walled, and air- 
filled sacs found within various parts of the body cavity 
of a bird. Many hollow bones of the chicken contain ex- 
tensions of air sacs. The designation air sac is also used 
as a synonym for alveolus. 

Alveolar bone: The bone lining the alveolus (root socket) of 
a tooth. Collagenous fibers attach the root of the tooth 
to the alveolar bone. 

Alveolar duct: The portion of the respiratory tree of a 
mammal lying between a respiratory duct and an alveo- 
lar sac. 

Alveolar sac: A terminal, baglike expansion of the 

bronchial tree whose wall is formed entirely from alve- 
oli. 

Alveolar septum: All of the tissue separating the cavities of 
adjacent alveoli of the lung. 

Alveolus: One of millions of thin- walled, tiny sacs forming 

the terminal limits of the bronchial tree. It is sometimes 
called an air sac. The term is also used as a synonym for 
the acinus of a exocrine gland. 

Ameloblasts: Cells that form rhe enamel organ of a tooth 
and produce the enamel. 

Amorphous ground substance: A viscous and colorless ma- 
terial that fills the spaces between the fibers, cells, and 
vessels of connective tissue. 

Ampulla: A dilated portion of a tubular structure such as 
the ampulla of a semicircular duct ot the inner ear, or the 
ampulla of the vas deferens. 

Anal gland: A tubuloacinar gland found within the subinu- 
cosa and muscularis of the anal canal of carnivores and 
pigs. 
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Anal sac: One of a pair of pouchlike glands found within 
the tissue adjacent to the anus. 

Anastomosis: A connection between two structures* 
Anestrus: In mm primate mammals, the period of sexual in- 
ac tivity. 

Annular ligament: A fibroelastie ligament that attaches the 
stapes of the middle ear to the cartilage of the oval win- 
dow. 

Annular pad: The portion of the lens of the chicken eye lo- 
cated around the equator of the lens. 

Annular sinus: A large blood sinus lying between the inner 
and outer layers of the connective tissue sheath of a si- 
nus hair follicle. 

Anterior chamber: The space, filled with aqueous humor, 
that is bounded by the cornea, iris, and lens of the eye. 
Anterior epithelium: The stratified squamous epithelium of 
the outer surface of the cornea* 

Antrum: A cavity such as the antrum of an ovarian follicle. 
Aortic bod) : A small encapsulated structure, located be- 
tween the pulmonary artery and aorta, that contains 
blood vessels, nerves, and two kinds of parenchyma cells. 
Apocrine gland: A gland whose secretory cdls release their 
product by pinching off blebs of cytoplasm containing 
secretory product from their free surface* 

Arachnoid layer: The middle meninx enveloping the spinal 
cord and brain. 

Argyrophilic: A substance having an affinity for silver. 
Arrector pi It muscle: The smooth muscle originating from 
the dermis of the skin and inserting on the connective tis- 
sue sheath of a hair follicle* Elevates the hair. 

Arteriole: The smallest ol the arteries. Consists of an en- 
dothelium and one or two layers of smooth muscle. 
Arteriovenous shunt: A vessel that enables blood to flow 

directly from an artery to a vein without passing 
through a capillary bed. 

Artery: A blood vessel that carries blood a wav from the 

a 

heart to a capillary bed. 

Artifact: Any alteration in appearance or structure that has 
been caused by artificial means. 

Arytenoid cartilage: One of two small cartilages located at 
the back of the larynx. 

Astrocyte: A neuroglial cell having long processes and a 

starlike appearance* 

Atresia: The degenerative regression of an ovarian follicle. 
Atretic follicle: An ovarian follicle that has undergone atresia* 
Atrium: A cavity or chamber such as an atrium of the heart 
or an air vesicle of a chicken's parabmndius, 
Auerbach's plexus: A collection of nerve cells and fibers !y 
ing between the circular and longitudinal layers of the 
muscular is externa of the digestive tract* 

Axon hillock: The place of origin of art axon from a nerve 
cell body. The hillock lacks Nissl granules. 

Azurophilic granule: Nonspecific granules found in the cy- 
toplasm of some leukocytes. 

Hand cell: A granulocyte in the process of development and 
characterized by the presence ol a strap! ike un seg- 
mented nucleus. 

Barb: A subdivision, bearing barhules, of a vane of a con- 
tour feather, The barhules of adjacent barbs interlock 

with one another by means of their hook lets* 

Barb stem: The stalk of the barb of a feather. 

Barbu le: A projection, bearing booklets, from a barb. 



Basal cell: A pale cel! found in the fundus of the gastric 
glands of the ventriculus of the chicken. The term basal 
cell is also applied to a cell attached to the basement 

membrane of a stratified epithelium. 

Basement membrane: A fibrous membrane separating the 
cells of an epithelium from the underlying connective tis- 
sue, 

Basic stain (cationic stain): A dye used for histologic or cy- 
tologic staining procedures that carries a positive 
charge. Such stains attach electrostatically to negatively 
charged elements within cdls and tissues. 

Basilar membrane: A membrane of the inner ear that sup- 
ports the organ of Corn. 

Basophil: A granulocyte characterized by large, basophilic, 
specific granules. Also, a cell of the parsdistalis of the pi- 
mi tary gland. 

Basophilic: A cell or tissue component that attracts and be- 
comes colored by a basic stain. 

Basophilic cry throb Iasi: A developing cell of the eryrhmid 
line characterized by an intensely basophilic cytoplasm 

and a large, round, and deeply stained nucleus* 

Bile canaliculus: A riny channel, formed from the cell mem- 
branes of adjacent heparocytes, that receives bile from 
the hepatocyre and delivers it to a bile ductule. 

Bile ductule: A subdivision of a bile duct found within a 
portal area (tract) and lined by a simple cuboid a I epi- 
thelium. 

Bistrati fied epithelium: A stratified epithelium consisting of 
two layers of cells. 

Blastocyst: The vesicular embryonic stage of a mammal 
that consists of an inner cell mass and outer cell mass 
(trophoblast) surrounding a fluid-filled cavity (blasro- 
cele, blastocyst cavity). 

Bone marrow (active): The site of the formation of blood 
cells (hematopoiesis} within the marrow cavity of a bone. 
Bone matrix: The hard, calcified substance of a bone, con- 

and collagenous fibers* 

Bowman's capsule: The hollow, bulhus, initial portion of a 
renal corpuscle. Its outer wall is the capsular epithelium 

(simple squamous), and its inner wall nr glomerular ep- 
ithelium is composed of podocytes. 

Bowman's gland: A mucoserous gland located in the lam- 
ina propria below the respiratory epithelium, Its duct 
opens onto the respiratory epithelium. 

Bowman's membrane: A membrane of connective tissue 
that lies below the anterior epithelium of the cornea. 
Brain sand: A granular, calcified material that may he 
found in various parts of the brain. 

Bronchiole: A subdivision of the bronchial tree that begins 

at the termination of the smallest bronchus. Bronchioles 
vary in diameter, amount of smooth muscle present, and 

whether a ciliated epithelium is present. 

Bronchus: Any subdivision of the bronchial tree from the end 
of the trachea to a bronchiole. All bronchi are supported 

by cartilage and are lined by an epithelium that varies i mm 
ciliated pseudostrati fied columnar in the larger bronchi to 
ciliated simple columnar in the smaller ones. 

Bruch's membrane: A thin, retractile membrane of the 
retina separating the ehoriocapilkiry layer of the choroid 
from the pigment epithelium of the retina, 

BrikkeA muscle: A ciliary muscle (skeletal) of the chicken 
eye. 



sistitig of hydroxyapatites 
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Brunner's gland (duodenal or submucosal gland): A com- 
pound tubuloacinar mucous gland found within the 
submucosa, and to some degree the lamina propria, of 
the duodenum. 

Brush border: A border formed from numerous microvilli 
of variable length on the apical surface of certain ep- 
ithelial cells, e,g., those of the proximal convoluted 
tubules of the kidney. 

Buffy coat: The thin layer of leukocytes between the 
plasma and packed red blood cells in a sample of blood 
that has been centrifuged. 

Bulbar conjunctiva: That portion of the conjunctiva lo- 
cated on the surface of the eyeball. 

Bulbourethral gland (Cowper’s gland): An accessory male 
reproductive gland that empties into the urethra, Its se- 
cretion forms part of the seminal fluid, 

Bursa of Fabricius: A sad ike lymphatic diverticulum from 
the dorsal surface of the proctodeum of birds. 

Calamus: The hollow quill of a feather. 

Calcified cartilage: Cartilage matrix that has become im- 
pregnated with calcium salts, as in the zone of calcifica- 
tion of the epiphyseal disc. 

Canal of Hering: A tiny channel, lined by simple cuboidal 
epithelium, that connects a bile canaliculus to a bile duc- 
tule within a portal tract (area). 

Canal of Schlemm; A channel within the sclera that drains 
excess aqueous humor from the eye to the circulatory 
system. 

Canaliculi: In bone, tiny channels that contain the pro- 
cesses of osteocytes. 

Capillary: A blood vessel ranging from 4 ro 12 micrometers 
in diameter that is networked with other capillaries and 
located between an arteriole and venule. 

Capsular epithelium: The outer simple squamous epithe- 
lium of Bowman's capsule. 

Capsule of Glisson: A thin layer of connective tissue en- 
veloping the liver. 

Cardiac gland: A mucous gland located in the cardiac gland 
region of the glandular stomach. 

Cardiac gland region: The proximal part of the glandular 
stomach preceding the fundic gland region. 

Cardiac muscle: The striated, involuntary muscle of the 
heart. 

Cardiac skeleton: A supportive framework of connective 
tissue found at various locations within the wall of the 
heart. 

Caruncle; In ruminants, any nonglandular region of the 
mucosa of the uterus. 

Cavernous space; A thin-walled vein that forms part of the 
erectile tissue of the urethra. 

Cavity of the vitreous humor: A large space behind the lens 
of the eye that contains a transparent and colorless 
gelatinous mass, the vitreous body (humor). 

Cecum: fn mammals, that portion of the large intestine that 
unites with the small intestine. In chickens, one of two 
diverticuli that arise from the region of junction ol die 
ileum and large intestine. 

Cellular tapetum lucidum: A cellular reflective layer of the 
choroid of the eve of cars and dogs. 

Cemcntoid (precemcntum): Uncalcified cement urn of a 
tooth, produced by cells called cemento blasts. 



Cememnm: A layer of bonelike mineralized tissue covering 
the dentin of the root of a tooth. 

Central artery: A branch of the splenic artery that passes 
through the white pulp of the spleen. 

Central canal: The fluid-filled cavity within the center of 
the spinal cord. 

Central pallor: The pale central area, evident in a surface 
view, of the biconcave erythrocyte, 

Centroadnar cell: An extension of an intercalated duct of 
the pancreas into the interior of a secretory acinus. 

Cerebellum: A part of the brain that lies above the medulla 
and pons and below the posterior part of the cerebrum. 

Cerebrospinal fluid: The clear fluid found within the ven- 
tricles of the brain and the central canal of the spinal 
cord . 

Cerumen: A soft, waxy substance formed from r he com- 
bined secretions of the ceruminous and sebaceous 
glands of the external auditory meatus and containing 
sloughed epithelial cells. 

Ceruminous gland: A gland of the external auditory mea- 
tus whose secretions contribute to the composition of 
the cerumen. 

Cervical os: The opening of the cervix into the vagina. 

Chestnut: A small round or oval thickening of the epider- 
mis located on the inner side of the legs of a horse. 

Chief cell (stomach): A cell found in the fundic gland region 
of the stomach that secretes pepsinogen. 

Chondrocyte: A cartilage cell surrounded by cartilage ma- 
trix. 

Chorioallantoic membrane: An extra embryonic membrane 
of amn lores formed from the fusion of the chorion and 
the allantois. 

Chnriocapillary layer: A network ot capillaries of the 
choroid, distributed in a single plane, below Bruch's 
membrane of the eye. 

Chorion laeve: A part of the chorion ic sac, having a smooth 
surface, that is not involved in the formation of the pla- 
centa. 

Choroid: The portion of the uvea (vascular tunic) of the eye 
located between the sclera and the photosensitive retina. 

Choroid plexus: A highly vascularized portion of the roof 
of the fourth ventricle and of other ventricles of the 
brain whose villi are surrounded by cerebrospinal fluid. 

Chromaffin cells; Cells of the adrenal medulla that form 
clusters and anastomosing cords separated by sinusoids. 

Chromophil: A cell of the pars distalis of the pituitary that 
can be stained with various kinds of histologic dye sub- 
stances. 

Chromophobe: A small cell of the pars distalis of the pitu- 
itary that stains poorly or not at all with dyes. 

Ciliary body: The portion of the uvea between the choroid 
and the iris. 

Ciliary muscle: The musculature of the ciliary body. 

Ciliary process: A projection from the surface of the pars 
ciliaris retinae of the ciliary body to which zonular fibers 
are attached. 

Circumanal gland: A partly sebaceous gland found in the 
subcutis near the anus of the dog. 

Circumferential lamellae: The bony lamellae that lie paral- 
lel to the outer and inner surfaces of long bones, 

Cireumvaliatc papilla: A large, round elevation bearing nu- 
merous taste buds, found on the surface of the tongue. 
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Classic liver lobule: A cylindrical subunit [about I x 2 mm) 
of the- liver that is composed of plates of hepatoeytes sep- 
arated by an extensive network of sinusoids. 

Claw: A keratinized derivative of die skin found on the tips 
of the digits. 

Clear cell: A cell of die secretory units of the carpal gland 
of the pig. 

Clearing: In a tissue sample being processed, the replace- 
ment of alcohol with a substance miscible with paraffin 
prior to infiltrating the sample with paraffin. 

Clitoris: A structure of the female that is homologous to the 
glans penis of the male* 

Cloaca: A chamber, internal to the vent, of various verte- 
brates that receives digestive wastes, reproductive cells, 

and urinary products* 

Cochlear canal: ! he bony canal, within die petrous portion 
of the temporal bone, that contains the sea I a tympani, 
scab media (cochlear duct), and scala vestibule 

Cochlear duct: A spirally arranged part of the membranous 
labyrinth, whose walls are formed from the basilar 
membrane, stria vascularis, and the vestibular mem- 
brane. 

Collagen: A form of fibrous protein of which several types 



exist. 

Collagenous fibers: Fibers formed from one of the types of 
the fibrous protein collagen. 

Collecting tubule: The part of a uriniferous tubule that re- 
ceives urine filtrate from a nephron. 

Colloid: A gelatinous material found within follicles of the 
thyroid gland and the pars intermedia of rhe pituitary 
gland, among other places. 

Columella: An ossicle of the middle ear of birds and some 

other vertebrates. 

Comb: A highly vascularized derivative of the skin found 
atop the head of the chicken. 

Compact bone: A bone whose dense matrix contains few 



marrow spaces. 

Compound follicle: A hair follicle bearing several hair 
bulbs. 

Conjunctiva: An epithelial layer covering part of the bulbar 
surface of rhe eye and the inner surface of the eyelid. 
Connecting duct: Tubules of the epididymis of the rooster, 
which are also called excretory canals. 

Connective tissue proper: A category of connective tissue 
that includes loose, dense, reticular, elastic, and adipose 

tissues. 

Connective tissue sheath (of hair follicle): A layer of con- 
nective tissue surrounding a hair follicle. 

Contour feather: A flight feather of birds with a central 
shaft consisting of a rachis supporting the vanes and a 
hollow quill. 

Copmdcum: T he portion of the cloaca that joins the large 

intestine. 

Cornea: The anterior, transparent portion of the fibrous tu- 
nic of the eye. 

Corneal stroma (substantia propria): Lamellae of collage- 
nous fibers oriented parallel to the corneal surface and 
located between Bowman's and Deseemet's membranes 

of the cornea* 

Corneoscleral trabecular mesh work: A meshwork of tra- 
beculae of connective tissue, fibroblasts, and pigment 



cells found in the filtration angle of the eye immediately 

adjacent of the sdera- 

Comcous cells: Keratinized cells of a feather follicle or sur- 



face epidermis. 

Corneous connection: A strand of tissue extending from 
the corneous layer of a feather follicle to the calamus of 

a developing feather. 

Corona (of lymphatic nodule): The external layer, consist- 
ing of numerous small lymphocytes, of an activated lym- 
phatic nodule. 

Corona radiata: The columnar cells abutting the zona pel- 
lucida and forming the innermost layer of the cumulus 
oophorus of an ovarian follicle. 

Coro nan region: The proximal, peripheral part of the 
horse’s hoof located above the laminae. 

Corpora amylacea: Concretions of casein and cellular de- 
bris found within the cavities of the secretory units of the 
mammary gland. 

Corpora nigra: Highly vascularized proliferations of the 
pupillary margin of the iris. 

Corpus albicans: Scar tissue remaining following regres- 
sion of the corpus luteum of the ovary. 

Corpus cavemosum: A mass of erectile tissue located 

within the body of the penis. 

Corpus cavemosum clitoridis: Erectile tissue of the clitoris. 

Corpus luteum: An endocrine gland derived from granu- 
losa cells and theca interna cells of a postovulatorv ovar- 
ian follicle; its cells secrete progesterone and estrogen. 

Corpus spongiosum (corpus cavemosum urethra): Erectile 
tissue within rhe glans of the penis and surrounding the 
penile urethra. 

Cortex (hair): That portion of a hair located between the 
cuticle and the medulla. 

Cortical nephron (chicken): A nephron with a relatively 
small renal corpuscle located in rhe cortex of the kidney. 

Cotyledonary placenta: The type of placenta found in ru- 
minants where numerous, bean-shaped portions of the 
chorioallantoic membrane form the functional connec- 
tions with the endometrium. 

Crumpton's muscle: One of the ciliary muscles (skeletal) of 
the chicken’s eye. 

Crenated: Having a corrugated or scalloped border, e,g., 
the cell membrane of an erythrocyte following rhe loss 



of water. 

Crista ampullaris: A sensory structure located within the 
ampulla of a semicircular duct of the inner ear. 

Crop: A caudal diverticulum of the esophagus of the 
chicken used for the temporary storage of food. 

Crypt of Liebcrkiihn (intestinal gland): A simple tubular 

gland located within the lamina propria of the small and 

large intestine. 

Cumulus oophorus: The mound of granulosa cells sur- 
rounding an oocyte of the ovarian follicle of a mammal 
Cupula: The gelatinous covering of the sensory hair cells ol 
the crista ampullaris. 

Cuticle (hair): The layer of flat cells, arranged in a shingle- 
like manner, on the surface of a hair. 

Cytoplasmic bridge: The region of adhesion (at the desmo- 
somes) between adjacent epithelial cells of rhe stratum 

spi nosura of the epidermis, 

Cytotroph oblast: The cellular layer of the trophohlast (cov- 
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ering layer of the blastocyst i that contributes to the for- 
mation of the placenta. 

Dark zone (glandular stomach): The distal and longest part 
ol the fuudic gland region ol the stomach of carnivores; 
characterized by a thick mucosa and relatively shallow 
gastric pits. 

Deciduate placenta: A type of placenta wherein the 

chorioallantoic membrane has fused with the en- 
dometrium. 

Dendrite: The neuronal process that receives stimuli. 

Dense irregular connective tissue: A form of connective tis- 
sue proper that consists of relatively thick collagenous 
fibers arranged as a feltwork with scant space between 
them. The predominant cell is the fibroblast. 

Dense regular connective tissue: A form of connective tis- 
sue proper that consists of relatively thick collagenous 
fibers, arranged in parallel, with scant space between 
them. The fibroblast is the only cell type present. 

Dental lamina: A hand of ectodermal cells from the em- 
bryonic jaw that grow into the underlying mesenchyme. 
Buds 1mm the dental lamina give rise ro the primordia 
of the enamel organs of the teeth. 

Dental papilla: A projection of mesenchyme of the embry- 
onic jaw into the developing enamel organ. 

Dental pulp: flic soft tissue of the pulp cavity of a tooth. 

Dental sac: The mesenchymal precursor of the connective 
Tissue surrounding a developing tooth, or the connective 
tissue surrounding a developing tooth. 

Dentin: The ivory that forms the mass of the tooth. 

Dermal papilla: A projection of the dermis into the overly- 
ing epidermis. 

Dermis: The connective tissue of the skin located beneath 
the epidermis. 

Descemefs membrane: An acellular layer separating the 
stroma from the posterior epithelium of the cornea, 

Diaphysis: The shaft of a long bone. 

Diencephalon: A subdivision o\ the brain composed of the 
thalamus, suhrhalamus, and hypothalamus. 

Diestrus: That parr of the estrous cycle, between me test r us 
and anestrus, when development and secretory activity 

of the endometrial glands peak* 

Diffuse lymphatic tissue: A type of lymphatic tissue char- 
acterized by a moderate amount of scattered lympho- 
cytes. 

Diffuse placenta: The name given to a placenta when the 
chorioallantoic membrane makes a major structural 
contribution. 

Digital cushion: The loose connective tissue (subcutis) be- 
low the dermis of the digital pad* 

Digital pad: The soft, shock-absorbing tissue formed by the 
epidermis, dermis, and subcutis beneath the digits of 

many mammals. 

Diplokaryocyte: A bi nucleate giant cell of the epithelium of 
a chorionic villus of the placenta of the cow. 

Distal convoluted tubule: That portion of a nephron lo- 
cated between the loop of Henle and a collecting tubule. 

Dorsal plate (claw): The keratinized, upper part of a claw. 

Dorsal root ganglion: The ganglion of the dorsal root of a 

spinal nerve. 

Down leather: A soft, fluffy feather that lacks barbules 

7 ^ 
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Duct of the epididymis: The highly convoluted duct form- 
ing a major parr of the epididymis. 

Dura mater: The outer meninx of dense connective tissue 
surrounding the brain and spina! cord. 

Efferent arteriole: The arteriole carrying blood away from 
the glomerulus of a renal corpuscle. 

Efferent ductule: One of several small tubes connecting the 
rere testis to the duct of the epididymis* 

Elastic cartilage: A type of cartilage whose matrix contains 
numerous elastic fibers. 

Elastic fiber: A component of certain connective tissues 
that forms from the protein el as tin. 

Ellipsoid: A fusiform structure, composed of macrophages, 
that surrounds a portion of each of the capillaries of the 
penicillus of the spleen. 

\ mbedding: When an infiltrated tissue is transferred to a 
fresh solution of embedding medium (e.g. melted paraf- 
fin) and the paraffin is then allowed ro harden, 

Embryonal connective tissue: A form of connective tissue 
exemplified by mesenchyme and mucous connective tis- 
sue. 

Enamel: The hard, glistening material covering the exposed 
surface of a tooth. 

Endocardium: The tissue layer lining the atria and ventri- 
cles of the heart. 

Endochondral bone: Bone that has been formed by replac- 
ing a cartilaginous model. 

Endocrine gland: A ductless gland* 

Endolymph: A clear fluid contained within the semicircular 
ducts, sacculus, utriculus, and cochlear duct of the inner 
ear* 

Endometrial gland: A simple tubular gland of the en- 
dometrium of the uterus. 

Endometrium: The mucosa of the uterus. 

Endomysium: The connective tissue immediately sur- 
rounding individual muscle cells ot a fascicle of a mus- 
cle. 

Endon curium: The connective tissue immediately sur- 
round tug the processes of nerve cells within a fascicle of 

a nerve. 

Endosteum: The layer of squamous osteogenic cells lining 
the entire marrow cavity and extending into the haver- 

sian canals. 

Endotheliochorial placenta: A type of placenta, found in 
carnivores, where the maternal and fetal blood are sep- 
arated bv four layers of tissue, 

p 

Endothelium: The simple squamous epithelium lining the 
cardiovascular system and lymphatic vessels, 

Enterochromaffin cell: A form of A PUB ceil (amine-pre- 
cursor uptake decarboxylase cell) found in the gastroin- 
testinal tract, among other places; it can he stained with 
bichromate solutions and produces either a hormone or 
a paracrine (a substance that acts locally by diffusing to 
a target organ). 

Eosinophil: A granulocyte characterized by the presence of 
eosinophilic specific granules. 

EpenJ) mat cell: A neuroglial cell that lines the ventricles of 
r!ie brain and die central canal of the spinal cord. 

Epicardium: The outermost layer of the heart. 

Epidermal collar: A thick ring of epidermal cells situated at 
the base of the follicle of a feather. 
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Epidermal laminae: The platelike epidermal structures of Fibroelastic tissue: Connective tissue proper containing a 





the wall of the horse's hoof. 

peg: A downward extension of the e 
that alternates with, upward -extending dermal 

The ectodermaily derived stratified squamous 
him forming the surface layer of the skin, 
is: A highly coiled tube of the male re 
located between the efferent ductules and the vas 







mixture of collagenous and elastic fibers. 

Fibrous cartilage: Dense connective tissue containing iso- 

of chondrocytes surrounded by small 
amounts of matrix. 

Fibrous tapetum lucidum: A reflective layer of the choroid 
of the eyes of horses and ruminants that is composed of 





and fi 





Epimysium : Ehe outer sheath of connective tissue of a mus- 
cle. 

E pine u ri u m r The outer sheath of connective tissue of a nerve. 



collagenous 

Fibrous tunic: An external 
c o nn ecti v e ti s s ue . 

Filiform papilla: An outgrowth on the s 




of fibers of 




of the tongue 



be 




threadlike projections or s 




Epiphyseal disc: A plate of hyaline cartilage between the Filoplumc: A small, hairlike feather. 




epiphysis and diaphysis of a developing (growing) 
bone. 

Epiphysis: The end (proximal or distal) of a long bone. 

Epitheliochorial placenta: A placenta with six tissue layers 
between the maternal and fetal blood streams. 

cel!: A cell that resembles an epithelial cell. 

A cellular tissue that covers external surfaces 
or lines cavities. 

Erectile tissue: A hiuhlv vascular tissue that allows for an 



Filtration angle: In the eye the angle formed between the 
imbus, ciliary body, and the base of the iris. 




•e: A. c 




or mixture of 




used to pre- 




serve the structural characteristics of fresh tissue, 
iatc papilla: One of several foldlike elevations of the sur- 




face of the ton sue. 




Follicular tonsil: A 



m 




O f l ts 



with deep 




(crypts) 



su 






: The nonglandular portion of the stomach of 





increase in turgidity of the penis or clitoris. 

Ergot: An epidermal thickening found on the 

face of a horse's foot at the level of the distal end of the 
metacarpal bone. 

Erythrocyte: A red blood cell. 



the horse, ruminant, or pig. 





Collectively, the erythrocytes, leuko- 



cytes, and platelets of the blood. 
Fornix of conjunctiva: The point of r 
and 




ion of the bulbar 



Estrous 




: A cy 






e v e nt 




a 





m a m - 



o- 





mal involving changes in anatomic structure of 
ductive organs, changes in physiologic condition, and 




in 





tot. 



F.strus: That segment of the estrous cycle during whi 




the 



female is sexually 

■I 

trichromatic: The 




of the male 



: A cavity or a pit. 

Fourth ventricle: The fluid- filled cavity of the medulla ob- 
longata of the brain. 

Frog: A caudal wedge-shaped part of the 
lies between the bars. 

Fmidic gland region: A portion of the glandular stomach 




x s hoof that 




y pale appearance of the nucleus 




between the cardiac and pyloric gland regions. 



of a fixed and stained cell when the chromatin is not Fungiform papilla: A 




-shaped elevation of the 




highly 

Exocrine gland: A gland with a duct 

to a body surface or cavity. 
External auditory meatus: The canal of 
External ear: That portion of the ear 




i that carries a 



s u r face of the to n gu e . 






external ear. 
to the tym- 



Gallbl adder: A saclike diverticulum of the common bile 
duct; functions as a storage depot for bile. 

Ganglion cell layer (retina): Layer of cell bodies of neurons 




Ti 





panic membrane, including the external auditory mea- 
tus and the pinna . 

a ne external 



layer. 



inner, plexiform layer and the nerve fiber 



Gastric furrow: A 






elastic membrane: The elastic 
to the tunica media of some arteries. 

External root sheath: The layer of cells in the wall of a hair 

between the inner root sheath and the connective 
tissue sheath. 

Eyelid: The movable, muscular fold covering the eye. 

Fascicle: A bundle of structures such as a bundle of axons 
or a bundle of muscle ceils. 

The epidermal structure from which a 




res sion m 



the 



mucosa 



of 





atidu- 



ar stomach lined bv columnar surface mucous cells. 
Gastric pit (foveola): An invagination of the mucosa of the 



glandular storm 




ined by columnar, surface mucous 






Germinal center: The central region of an activated lym- 
phatic nodule, consisting mainly of lymphocytes of 
medium to large size. 

epithelium: The epithelial layer covering the cor- 





f e a t h er gr o w s 
Feather pulp: The v 

the center of a developing feather. 







me-. 




tissue m 




Feather sheath: The thin, epidermal surface layer of the 
calamus of a growing feather. It eventually disintegrates 



except for a collar like remnant around the calamus. 
Fibroblasts: Ubiquitous cells of the connective tissue, re- 
sponsible for producing the precursors of collagen and 



ovary; composed of cuboidal or flattened cells, 
vesicle: The nucleus of an oocyte, 
zone (lens of eye): A band of epithelial cells lo- 
cated around the equator of the lens, capable of dividing 
throughout adult life, 
giva: Ehe gum surrounding a tooth, 

of Moll: Sweat glands of the skin of the eyelids. 
Glands of the anal sac: Tubular glands in the wall of an 




a 




sac. 



clastin and for producing the amorphous ground sub- Glands of Zeiss: Sebaceous glands of the skin of the eyelids. 

Glandular stomach: The portion of the stomach character- 
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ized by rhe presence ol various types of tubular glands. 

It includes cardiac, fun die, body, and pyloric regions. 

Globular (Globule) leukocyte; A leukocyte -like cell with 
large, round, eosinophilic granules, found in rhe mucosa 
of the intestine and stomach and reported to he derived 
from mast cell precursor cells in ruminants and rats* 

Glomerular epithelium: The layer of podocytes in intimate 
contact with the glomerular capillary loops of a renal 
corpuscle. 

Glomerulus; The tuft ot capillary loops in the center of a re- 
nal corpuscle positioned between rhe afferent and effer- 
ent arteriole* 

Glycogen body: A structure, centrally located in the spinal 

cord of birds, whose cells contain a central mass of 

glycogen, 

Goblet cell: A mucus -sec re ting cell having the shape of a 
goblet. 

Gonocyte: A primordial germ cell. 

Granulocyte: A leukocyte having specific granules, e.g., 
eosinophil, neutrophil, basophil, and heterophil. 

Granulosa lutein cell: The principal cell rvpe of the corpus 
luteum; derived from a membrana granulosa cell ot a 

post ovulatory follicle. 

Gray matter: 1 hat portion of the brain and spinal cord con- 
taining the cell bodies of neurons and mainly unmyeli- 
nated neuronal fibers. 

Ground substance: The substance, consisting mainly of gly- 
coproteins and glycosaminoglycans, that fills the spaces 
between the cellular and fibrous elements of connective 
tissue. 

Guttural pouch: A diverticulum of the eustachian tubes of 
the horse. 

H&E: Hematoxylin and eosin. 

H band: A pale zone, devoid of actin filaments, located ar 
the center of an A band of a sarcomere. 

Hair bulb: The expanded base of a hair follicle. 

Hair follicle: A derivative of the epidermis from which one 
or more hairs grow. 

Hair matrix: Thar portion of a hair bulb where cell division 
occurs giving rise to a hair shaft 

f lard keratin: A tough form of keratin found in hair and 
nails, among other places; contains more disulfide 
bonds and cystine than soft keratin. 

Hardcrian gland: A large tubular gland that lies ml die dor- 
sal posterior surface of the eye. 

Has sail’s corpuscle: Acidophilic, concentric arrangements 
of reticular cells found in the medulla of the thymus of 
mammals. 

Haversian canal: The canal in the center of a haversian sys- 

m 

tern; contains blood vessels and nerves. 

Haversian system (osteon): Collectively, concentrically ar- 
ranged bony lamellae, osteocytes, and a haversian canal 
and its contents. 

I lead of the epididymis: The initial portion of the epi- 
didymis. 

Helicine artery: A tortuous vessel that supplies blood to the 
cavernous spaces of the penis. 

Hdicotrema: A tiny opening at rhe apex of the cochlear 
canal of the inner ear connecting the cavity of the scab 
vestibuli with the cavity of the scab tympani. 

Hemal node: A nodular structure found along blood ves- 



sels in ruminants; contains blood-filled sinuses between 
cellular cords. 

1 fematoma: Blood that has escaped from a blood vessel (s) 
within a tissue or organ. 

Hemolymph node: A nodular structure, containing lym- 
phatic vessels, whose sinuses receive a mixture of blood 
and lymph. 

Rente's loop: The U-shaped portion of a nephron located 
between its proximal and distal convoluted tubules. 

Hcpatocyte: A liver cell. 

Hepatoid gland: The nonsebaceous portion of the circum- 
anal glands of rhe dog. Its cells resemble hepatoevtes, 
hence the name hepatoid. 

Herb st corpuscle: A tactile, encapsulated nerve ending of 
the skin of birds resembling rhe pacinian corpuscle hut 



s 



mailer. 



Herring body: A neurosecretion found within the axons of 

unmyelinated neurosecretory cells of the hypothalamo- 
hypophyseal tract. 

Heterochromadc: The appearance of the nucleus of a fixed 
and stained cell whose chromatin is tightly coiled. Such 
chromatin stains readily, resulting in a grainy nucleus. 

Heterophil: The most abundant of the granulocytes of the 

chicken, Its specific granules are spindle-shaped and 
sometimes possess a distinct, ruby-red, spheric granule 
centrally, 

HUus: An in vagina ted region of the margin of an organ 
where blood vessels enter and leave. 

Hilus cell: A group of epithelioid cells that may be found 
close to the rete ovarii near the hilus of the ovary in some 
mammals. 

Histiocyte: A synonym for macrophage. 

Holocrine secretion: A mode of secretion where disinte- 
grated secretory cells and their product are released 
from a gland. 

Hoof: The keratinized, epidermal, digital outgrowth of an 
ungulate. 

Horn: A keratinized, epidermal outgrowth, with a bony 
core, of the head of some mammals. 

Horn tubule {tubular horn): A tapering, kerarinized, epi- 
dermal structure of the equine hoof that extends toward 
the surface from a dermal papilla. 

Hyaline cartilage: The most common form of cartilage 
whose matrix has the appearance of ground glass in the 
fresh state. 



Hypothalamohypophyseal tract: Collectively, the axons of 
neurosecretory cells within the infundibular stalk and 
infundibular process of the pituitary gland, 

I band: That portion 

side of the Z-line of an unc on traded myofibril. The I 
band contains actin myofilaments exclusively. 

Immature bone: A highly cellular form of hone that be- 
comes replaced by mature bone during development. 

Incus: I he ossicle of the middle ear located between the 
malleus and stapes. 

In deciduate placenta; A placenta whose endometrium and 
chorioallantoic membrane are in contact but do not 
fuse, seen in the mare, ruminants, and the sow. 

Infundibular cavity: An extension of the third ventricle into 
rhe infundibular stalk of the pituitary anti, in some ani- 
mals, into the infundibular process. 



of adjacent sarcomeres lying to either 
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Infundibular stalk: That portion of the neurohypophysis Isthmus (of the uropygial gland): The part of the drainage 
between the median eminence and the infundibular pro- system of the uropygial gland located between the pri- 

. mary duct and the nipple* 

In fundib u I um : A v en tr a l o u tp ock .eti ng of t he di e ncep h a i o n j uxtag! ( > m eru 1 a r app aratus : A tr i n i ty o f ce 1 1 u i a r struct u re s 

that develops into the neuro hypophysis of the pituitary 
gland* Also, that part of the oviduct having a funnel 
shape and lying closest to the ovary. 

Inner limiting membrane: The part of the photosensitive 
retina of the eye abutting the vitreous body* 

Inner nuclear layer: The part of the photosensitive retina of 
the eye lying between rhe outer and inner plexiform lay- 



associated with a nephron and consisting of the macula 
densa, juxtaglomerular cells, and mesangial cells. 
Juxtaglomerular cell: A modified cell (smooth muscle) of 
an afferent arteriole of the kidney* 

: A structure whose cells have become filler 
with the protein keratin* 

Keratinoid: A tough proteinaceous substance lining the giz- 








Inner plexiform layer: The part 

of the eye lying between the inner nuclear and ganglion 
cell layer. 

r 

Inner root sheath: 





■ a hai 




icle lying be- 




portion 

tween the hair and the external root 
Inner tunnel: A large cavity lying within the organ of Corti 
of the inner ear. 

Intercalated disc: A cell-surface modification found at both 
ends of cardiac muscle ceils that is responsible for cell- 
to-cell adhesion and physiologic exchanges. 



Intercalated duct: That part of the duct system of many 
glands that connects directly to the secretory unit. 
Intermediate cell: An epithelial cell of the vagina with 
round corners, but larger than a parabasal cell, that oc- 
curs during the estrous cycle, 

Internal ear: That part of the car comprised of the semicir- 

; in semicircular canals, saccule and utricle in 

the vestibule, and the cochlea. 

-■ 

Internal elastic membrane; A sheetlike elastic membrane 







“ outer 




a ry 



o 



f 




2 tunica ultima of 



many arteries. 



Interstitial cell (Leydig cell): A cell that produces testos- 
terone and is found in the connective tissue between 






■S of 




testes. 




semi 

Interstitial gland cells: Epithelioid cells, arranged as cords 
in the stroma of the ovaries of bitches and oueens but 
not ordinarily found in other domestic 
Interstitial system: A remnant of a 

r 

system of bone. 

In ter territorial matrix: The matrix of hyaline cartilage sur- 
rounding the territorial matrix and 
concentrations of glycosaminoglycans than territorial 






possessing tes 




matrix. 




horn: The keratinized epidermis of the hoof 



that surrounds the tubular horn. 



Intralobular: That 

gland. 

Intralobular 




is 




w 



ithi 



in a 




of 'i 




; A duct located within the lobule of a 





Intramembranous bone: Bone that develops di 
or under a membrane of connective tissue. 
Iris: rhe pigmented portion of the uvea surro 

il of the eye. 

Islet of Langerhans: A 

within the exocrine nancreas that 



within 




the 










zard of the chicken. 




the stratum 




: Vesicles found within the cells of 

of the epidermis whose con- 



tents will form the amorphous portion of keratin 

Kohler illumination: Bright, even illumination 




for 

optimal light microscopy and achieved by adjusting the 



light source in a prescribed manner 
Krause’s gland: An accessory lacrimal gland that 
ther serous or mixed. 

Kupffer cell: A macro 




be ei- 





e located within the blood vas- 



cular system of the liver. 




Ls.: 

Labia: l ips. 

L 



section. 




€7 



land: Mixed glands found within the lips of the 



struct u 





an 




mouth. 

Labyrinth: A 
Lacrimal gland 
Lacuna: A small cavity or space. 

Lagena: A terminal expansion of the cochlear duct of the 
inner ear of birds. 

Lamella: A layer of material, e.g., of bone. 

Lamina cribrosa: The sievelike part of the sclera 
dons groups of axons of the optic nerve. 

propria: The loose connective tissue 
um of a mucous membrane. 







t h e 




Lamina s 



srrarum 





is: A thick sheet of collagenous fibers 
i) and the accompanying layer of fi- 





ts tr at um granulosum) between the base of the 




s and the muscular is mucosae of the stomach of 



the cat and sometimes the dog* The lamina may also oc- 
cur in the small intestine of carnivores. 

Laminar region: The part of the wall of the hoof that is 



composed of numerous plates (laminae) that fu 
suspend the third phalanx from the hoof. 




to 









the retina of the eye, the layer 
comprised of the dendrites of the photoreceptor cells. 
Lens: A biconvex, transparent structure comprised of lens 

fibers, positioned between the iris and the vitreous body, 

Lens body: The part of the eye of the chicken, exclusive of 
the annular pad, whose lens fibers are oriented parallel 
to the optical axis of the eye* 

Lens epithelium: The layer of simple cuboidal epithelium 
on the anterior surface (iris side) of the lens, 
structure Lens fibers; Transparent, elongated, prismatic cells forming 

the bulk of the substance of the lens of the eye. 



insulin, glucagon, pancreatic polypeptide hormone, and Leukocyte: A white blood ceil, either granulocyte or agran- 



somatostatm. 




s (of the oviduct): The section of the oviduct at- 
tached to the uterus* 





. am on 







. s, w 




cytoplasm; found in such places as the epithelium of the 
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gallbladder or rhe tegmentum vasculosum oi the inner 
ear of the chicken, among other places. 

Light zone (of the glandular stomach); The initial portion 
oi' rhe fimdic gland region of the stomach of a carnivore; 
compared with the dark zone of the fund it; gland region, 
it is shorter and its mucosa is thinner. 

Limbus: The boundary line between the cornea and sclera. 

# 

Lobule: The subdivision ol a lobe of an organ such as a 
gland or the lung. 

Loop of Henle: The t -shaped portion of a nephron joining 
a proximal and distal convoluted tubule. 

Loose (areolar) connective tissue: A type o! connective tis- 
sue proper whose fibers are in the form ol a noncom- 
pactcd, open meshwork. 

Luteal cells (interstitial cells): The lutein cells of the corpus 
luteum of the mammalian ovary, or the pale interstitial 
cells within rhe theca externa surrounding rhe oocyte of 
an ovarian follicle of the chicken* 

Lymph node: A lymphatic organ having both afferent and 
efferent lymphatic vessels. 

Lymphatic nodule: A temporary, spherical, nr oval struc- 
ture, consisting of numerous lymphocytes, found 
within various lymphatic organs; may also be found 
anywhere within the loose connective tissue of rhe 
body. 

Lymphocyte: An agranulocyte with scant cytoplasm and, 
typically, a large, round, or broadly oval nucleus. 

Macrophage: A phagocytic cell, derived from a monocyte, 
and widely distributed in tissues and organs throughout 

the bodv, 

•r 

Macula (of the ear); A patch of sensory and supporting 
cells found within the sacculus (saccule) and utriculus 
(utricle) of the inner ear. 

Macula detisa: A parr of the juxtaglomerular apparatus of 
a nephron and formed from closely packed epithelial 
cells oi a portion of die wall of the distal convoluted 
tubule. 

.Magnum: The part of the chicken's oviduct whose gland 
cells produce the albumin of die egg. 

Malleus: The middle car ossicle in contact with the tym- 
panic membrane. 

Mammary gland: The milk-producing organ of the mam- 
malian female* 

Marginal zone; Splenic rissuc located between the white 
and red pulp. 

Mast cell: A large, granular, ubiquitous cell of the connec- 
tive tissue that produces histamine. 

Mature bone: Bone with an acidophilic matrix and fewer 
osreocytes than the immature bone it replaces during de- 
velopment. 

Median eminence: The region of die floor of the di en- 
cephalon of the brain from which the infundibular stalk 

- of the pituitary arises. 

Medulla; fhe inner region of an organ such as the medulla 

of the kidney, ovary or lymph node. 

Medullary cone: ! he cone-shaped medullary portion of the 
chicken’s kidney that contains segments of mimferous 

tubules. 

Medullary cord: One of many interconnected segments of 
diffuse connective tissue, surrounded by medullary si- 
nuses, within rhe medulla of a lymph node. 



Medullary nephron: The larger ol two forms of nephrons 
of rhe chicken's kidney having the characteristics ol the 
mammalian nephron. 

surrounding 

the medullary cords of a lymph node. 

Megakaryocyte: An extraordinarily large cell of the bone 
marro w that produces blood platelets by a budding pro- 
cess and releases them directly into the sinusoids of rhe 
marrow. 

Meissner's plexus: As seen in histologic section, a spindle- 
shaped collection of parasympathetic neurons and their 
processes found within the submucosa, of the digestive 

tract. 



Medullary sinuses: I he lymph-filled spaces 



Melanocyte: A large, branched cell that produces 

melanosomcs (tiny vesicles containing pigment). 
Memhrana granulosa: The cells that line the antrum of a 



mammalian ovarian follicle. 

Membranous labyrinth: The hollow, soft-tissue structures 
of the inner ear, he., cochlear duct, utriculus, sacculus, 

and semicircular ducts. 

Merkel’s cell: A cell of the epidermis ol the skin that has 
contact with tactile nerve endings. 

Merocrine gland: An exocrine gland whose secretory cells 
release droplets of secretion by exoeytosis. 

Mesangial cells: Phagocytic cells found within the renal 
glomerulus. 

Mesenchyme: Embryonal connective tissue that consists of 
stellate mesenchyme cells and ground substance, 

Mesobronchus: The infra pulmonary, primary bronchus of 
the chicken's lung. 

Mesometrium: The mesentery supporting the uterus from 

the abdominal wall* 

Mesosalpinx: The mesentery supporting the oviduct from 
the abdominal wall* 

Mesothelium: The mcsodermallv derived, simple squa- 
mous epithelium, covering the surface of mesenteries 
and organs that protrude into eoelnmic cavities of the 
body. 

Metaehromsia: The circumstance in which a cell or tissue 
component acquires a color different from the dye solu- 
tion with which it is stained. 

Metamyelocyte: A developing granulocyte that possesses 
an indented nucleus and specific granules. 

Metestrus: That part of the estrous cycle between estrus 
and diestrus. Hie development of the corpus luteum oc- 
curs during metestrus. 

Mi crop] acen tome: A placental structure of the mare con- 
sisting of a small tuft of chorionic villi and a crypt of the 
endometrium into which it is inserted. 

Middle ear; A subdivision of the ear comprised of three 
small ossicles (malleus, incus, and stapes) or of a col- 
umella. 

Mixed gland: An exocrine gland whose secretory units con- 
sist of either mucous or serous cells or of a combination 
of these cells. Or, a gland with both endocrine and ex- 



ocrine components. 

Modiolus: The pillarlike bone in the center of the cochlea. 
Monocyte: A large, agranular leukocyte with an oval, in 
dented or horseshoe-shaped nucleus and pale, blue-gray, 

often vacuolated, cytoplasm. 

Mucosa: In the digestive tract, the mucous membrane com 
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prised of an e 



mucosae 




ium, lamina 
lacking in the 
iagu$). In 






and muscularis 
, pharynx, and 

systems, 




the ui 




constitutes the mucosa* 



Mucous acinus: The bulblike secretory unit of a gland 
whose cells secrete mucus, 

Mucous connective tissue: A form of embryonal connective 

of amorphous ground substance, 




cons 




loosely arranged collagenous fibers, and fibroblasts* 
Mucous membrane: A synonym for mucosa. 

Mucous neck cell: A cell of the neck region of a gastric 
gland that produces mucus, 

Multilaminar primary follicle: A preantral ovarian follicle 
whose oocyte is surrounded by several layers of follicle 




Mu bilocular adipose cell: An adipocyte whose lipid con- 




is 




"V 



within numerous, small vesicles, 



Multinudeace giant cell: A large, phagocytic cell with many 
nuclei; formed by the coalescence of macrophages. 



Multipolar neuron: A nerve cell having numerous dendrites 

a single axon. 

Muscularis externa: The outermost layers of muscle in the 




wall of the digestive tract; may be 





le 



1 




tal muscle, or both. 



Muscularis mucosae: The layer (s) of smooth muscle below 
the lamina propria of the mucosa of the digestive tract. 

Myelin sheath: A derivative of the cell membrane of a 
Schwann cell or of a oligodendrocyte; the sheath is ar- 
ranged in concentric layers around axons. 

Myeloblast: An early stage in the development of a granu- 
locyte of the bone marrow. 

The developmental stage of a granulocyte fol- 
lowing the promyelocyte stage. 

The middle, muscular tunic of the heart walk 





cell: An epithelial cell with contractile prop- 
erties, as found on the surface of many glandular secre- 
tory units; also, one of the many contractile cells form- 
ing the iridial dilator of the eye. 

Myofibril: One of many contractile units, formed from lin- 
early joined sarcomeres, as in skeletal and cardiac mus- 
cle cells. 

Myoid cell: A contractile cell, such as found at the surface 



of 



j - 



a 








rous tubule. 



Myometrium: The layers of 

endometrium of the uterus. 

Nasal cavity: One of a pair 




muscle external to the 





arranged chambers 
between the external nares and nasopharynx. 

of the sub cutis of the 




Nasolabial gland: An exocrine 
planum nasolabiale of ruminants. 

Nasopharynx: That portion of the pharynx between the in- 
ternal nares and the oropharynx. 

Necrotic: Pertaining to dead cells or tissue. 



Nephron: The portion of a 




s tubule before the 




tubule; includes the renal corpuscle, 




Neurilemma: The 




(sheath) 







from Schwann 



ceils or oligodendrocytes, of a nerve cell's process. The 
neurilemma may or may not include a myelin 




Neuroglia 





. s of t 





nervous system; 



l:o be £ 




ten times more numerous than 



neurons 



Neuro hypophysis: The portion of the pituitary gland that 
is derived from the infundibulum; consists of the median 

nfundibular stalk, and infundibular process 



eminence, ! 



(pars nerves 





spindle: A fusiform-shaped pr 
structure within the skeletal musculature. 

il: A polymorphonuclear granulocyte with fine 

granules. 

membrane: The third eyelid found in some ani- 






: The rough endoplasmic reticulum of a neu- 




Nonglandular stomach: The part of the stomach lacki 
glandular elements. 

Nonsinusal spleen: A type of spleen having poorly devel- 
oped sinuses or no sinuses, as found in the cat, horse, 
pig, and ruminants. 

Nuclear bag fiber: An intrafusal fiber (modified skeletal 






mi- 




muscle cell) of a neuromuscular spindle, c 
by the presence of many closely packed 
Nucleolus: A small round or oval structure, w 
cleus of a cell, where ribonuclco protein is s 
Odontoblasts: Cells on the surface of dental papillae that 
produce uncalcified dentin (predentin). 

Olfactory epithelium: The pseudostrati fied columnar 
itheiiurn of the nasal cavity that is comprised of sensory 
cells, supporting cells, and basal cells. 

Omasum: The third subdivision of the ruminant forestom- 
ach. 

ic disc: The portion of the eye where the axons of the 
nerve fiber layer of the retina converge to form the optic 

in 







nerve. There are no light sensitive cells 
disc, hence the name blind spot. 

Optic nerve: The second crania! nerve. 

Ora ci Haris retinae: The point of transition from the pho- 
tosensitive to the nonphoto sensitive part of the retina. 
Organ of Coni: Fhe part of the inner ear that is sensitive to 



sound 




ynx: The portion of the pharynx that is located be- 



the mouth. 




cry 




: In the ery 





ne 



5 



the smallest nucleated cell. 



Os penis: A bone within the glans of the penis of carni 



votes. 

Osseous spiral lamina: A spiral shelf of bone around the 
modiolus of the cochlea. 

Osteoblast: A cell that synthesizes and secretes bone ma- 
trix. 

Osteoclast: A multinucleate 

matrix. 




cell that resorbs bone 



convoluted tubule, loop of Henle, and the distal convo- Osteocyte: A mature bone cell, 
luted tubule. 






: matrix. 




Nerve fiber layer (of the 

between the ganglion cell, layer and the inner li 
membrane; consists of axons of ganglion cells. 



): The portion of the retina Otolith: A tiny structure with a prismatic shape found em- 
bedded in the gelatinous covering (otolithic membrane) 
of a macula of the utricle and saccule of the inner ear. 
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Otolithic membrane: The gelatinous covering of a macula 
of the utricle and saccule of the inner ear. 

Outer enamel epithelium: A layer of cells abutting (exter- 
nally) the stellate reticulum of a developing fetal tooth. 

Outer limiting membrane: The retinal layer formed from 
the plasma membranes of Muller cells and located be- 
tween the layer of rods and cones and the outer nuclear 
layer. 

Outer nuclear layer: The retinal layer consisting of the nu- 
clei of the rod and cone cells. 

Outer plcxiforiu layer: The retinal layer composed of neu- 
ronal fibers and located between the outer nuclear layer 
and the inner plexiform layer, 

Outer root sheath (external root sheath): The layer of cells 
in the wall of a hair follicle between the inner root 
sheath and the connective tissue sheath. 

Ovarian follicle: The cellular unit surrounding an oocyte in 
the ovary. 

Oviduct: The tubular organ that receives an oocyte from 
the ovary and conveys it, after fertilization, to the exte- 
rior (birds) or to the uterus (mammals, except protothc- 
rians) for implantation. 

Oxyphil: A parenchymal cell of the parathyroid gland. 

Pacinian corpuscle: An encapsulated nerve ending that re- 
sponds to heavy pressure as opposed to light touch. 

Palpebral conjunctiva: The mucous membrane lining the 



c 



ye I id. 



Pnncrh ceil: A secretory cell whose acidophilic granules 
contain lysozyme; found in the intestinal glands of some 

ma mmals. 

Papillary duct: A large urinary duct that opens to the renal 
pelvis from the tip of a renal papilla of the kidney. 

Papillary layer: The upper layer of the dermis with linger - 
like extensions (called dermal papillae) into the epider- 
mis of thick skin. 

Parabasal cell: A sloughed, small, round vaginal epithelial 
cell, found in vaginal smears taken from an animal in 
anestrus. 

Para branch us (tertiary bronchus): An intrapulmonary 
branch of a secondary bronchus of the chicken lung. 

Parafollicular cell (C cell): A large, pale cell found between 
epithelial cells of thyroid follicles and also between fol- 
licles; produces the hormone calcitonin whose action 
lowers blood calcium level. 

Parenchyma cells: The cells responsible for the special func- 
tion of an organ as opposed to the organ’s stroma 
(framework of connective tissue), 

Parietal cell: A large acidophilic cell of the fundic and py- 
loric gland regions of the stomach that produces hy- 
drochloric acid. 

Pars ciharis retinae: The bilayered, nonphotosensitive por- 
tion of the retina associated with the ciliary body and lo- 
cated between the ora eiliaris retinae and the pars iridica 

retinae. 

Pars convohua (cortical labyrinth): That part of the renal 
cortex that contains renal corpuscles and convoluted 
tubules, and is located between medullary rays, 

Pars disseminata: The scattered portions of the prostate 
gland. 

Pars distal is: Derived from Ra dike’s pouch and the largest 



component of the pituitary gland. Alone or with the pars 
tuberalis, called the anterior lobe ot the pituitary. 

Pars intermedia: That part of the pituitary gland located 
between the pars distal is and pars nervosa. A derivative 
of Rarhke’s pouch. 

Pars iridica retinae: That part of the nonphotosensitive 

retina located on the side of the iris facing the lens. 

Pars nervosa: The major part of the neurohypophysis and 
a derivative of the hypothalamus; with the pars interme- 
dia, forms the posterior lobe of the pituitary. 

Pars rad i at a (medullary or conical rays): The part of the re- 
nal cortex alternating with the pars convoluta and con- 
sisting of collecting tubules and the straight portions of 
nephrons. 



Pars tuber alls: The part of the pituitary gland that forms a 
collar around the infundibular stalk; derived from 

Rarhke's pouch, 

Peetcn: A thin, vascular, pleated membrane that protrudes 
from the ventral surface of the chicken's eye into the cav- 
ity of the vitreous body. 

Pectinate ligament (uveal mesh work): A loose network of 
elastic fibers, covered by squamous cells, thar spans the 
filtration angle of the eye, 

Penicillus: Term applied to the pulp arteries of the spleen 
and their branches because, collectively, they resemble 
the bristles of an artist's brush. 



Penis, body of: Shaft of the intromittent organ of the male. 

Penis, glam of: The expanded terminal end of the pends. 

Periarterial lymphatic sheath: The white pulp of the spleen. 

Pericardium: The visceral and parietal serosa of the peri- 
cardial cavity. 

Perichondrium: The ehondrogenic, dense irregular connec- 
tive tissue covering of hyaline or elastic cartilage. 

Perilymph: The fluid found in the bony labyrinth of the in- 
ner ear surrounding the membranous labyrinth. 

Perimetrium: The serosa of the uterus* 

Perimysium: The connective tissue surrounding a fascicle of 
muscle cells* 

Perineurium: The connective tissue surrounding a bundle 
of nerve cell fibers (axons, dendrites, or both). 

Periople: The proximal border of the horse's hoof. 

Periosteum: The osteogenic, dense irregular connective tis- 
sue that covers portions of many bones. 

Peritoneum: The serosa lining a coelom ic cavity. 

Peri vitelline membrane: The membrane abutting the cell 
membrane of die oocyte o! a chicken's ovarian follicle. 

Pessulus: A small bone supporting the syrinx of a chicken. 

Peyer’s patch: An aggregation of lymphatic tissue (nodular 
and diffuse) in the lamina propria and submucosa of the 
small intestine, especially the ileum. 

Photosensitive retina: The portion of the retina containing 
light sensitive rod and cone cells. 

Pia mater: The delicate, well vascularized meninx in con- 
tact with the surface of the brain. 

cells forming 

Pineal gland: A dorsal evaluation from the roof of the di- 
encephalon of the brain. 

Ptnealocytcs: i he epithelioid, acidophilic, parenchymal 
cells of the pineal gland. 



Pigment epithelium: The pigmented layer of 
the outermost boundary of the retina. 
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Pinna (auricle); The sound-collecting auricular appendage 
of the head. 

Pituicvtes: Neuroglial Celia located among the neuronal 
fibers of the pars nervosa of the pituitary gland. 

Placenta: A nutritive organ, derived in part from both the 
endometrium and the chorion* 

Pi ace n to me: \ structure formed trom a cotyledon (clump 
of chorionic villi) and caruncle (elevation of the en- 
domcrrium) of a cotyledonary placenta. 

Planum: The flat surface of skin located between the exter- 
nal nares. 

Plasma: The acellular fluid portion of circulating blood. 

Plasma cell: A derivative of the B cell that synthesizes im- 
munoglobulins* 

Platelet: A fragment of membrane-bound cytoplasm, de- 
rived by budding from a megakaryocyte, with an im- 
portant role in blood clotting. 

Plexus: A localized network of any of the following: neu- 
rons and their processes, blood vessels, or lymphatic ves- 
sels, 

Plica: A fold, 

Podncyte: A highly branched cell whose processes interdig- 
irate with those of other podocytes to form the glomeru- 
lar epithelium of the Bowman's capsule of the kidney. 

Pol y eh ro ma top h ilk* cry throb! asr: An ery thro blast of 
medium size with cytoplasm exhibiting both basophilic 
and acidophilic areas. 

Polymorphonuclear leukocyte: A granulocyte with a seg- 
mented nucleus. 

Portal tract (area): An aggregation of blood vessels (and 
sometimes lymphatic vessels) and a bile ductule within 
the interlobular connective tissue of the liver. 

Postcapillary venule; A venule, of the deep cortex of a 

lymph node, whose endothelial cells are cuboidaL 

Posterior chamber {ol the eye): The cavity, containing 
aqueous humor, that is located between the iris and the 

lens. 

Posterior epithelium (ol the cornea); The simple cuboidal 
or squamous epithelium covering the side of the cornea 
in contact with the aqueous humor. 

Preantra 1 follicle: A growing ovarian follicle that has not 
yet formed an antrum. 

Predentin: Unealcificd dentin. 

Prepuce: The foreskin of the penis. 

Primary bronchus: A large bronchus branching directly 
from the trachea. 

Primary follicle: An ovarian follicle whose oocyte is sur- 
rounded by a single layer of cuboidal cells. The term is 
also used, by some authors, for a mulrilaminar follicle. 

Primary hair: A large hair shaft produced by a compound 
follicle* 

Primary spermatocyte: A diploid cell formed by differenti- 
ation from a spermatogonium* 

Primordial follicle: i he earliest, smallest, and most numer- 
ous of ovarian follicles; consists of an oocvte surrounded 

# 

bv a layer of flat follicle cells. 

■r r 

Principal cell (chief celt): A parenchymal cell of the parathy- 
roid gland. The name is also used for the small, ba- 
sophilic cell of the glandular stomach that secretes 
pepsinogen. 

Proctodeum: That part of the chicken’s cloaca that joins 
the large intestine. 



Procry th rocyte (rubriblast): A large, round cell of the ery- 
thro id line with basophilic cytoplasm and a large round 

nucleus. 

Proestnsv: The hirst stage ol the estrous cycle; characterized 
by growth of the endometrium. 

Promyelocyte: An early granulocyte, recognized by a large 
nucleus with nucleoli and azurophilic cytoplasmic gran- 
ules. 

Prostate gland: An accessory male reproductive gland 
whose secretion contributes ro the seminal fluid at ejac- 
ulation. 

Pro veTam cuius; The glandular portion ol rhe stomach of 
the chicken. 

Proximal convoluted tubule; The long, highly convoluted 
tubule oi a nephron that arises from a renal corpuscle 
and whose cells have a distinctive brush border. 

Pseu dost ratified epithelium: An epithelium that appears ro 




the basement membrane. Its stratified appearance is the 
result of its cells being of different heights and their nu- 
clei being located at different levels. 

Pulp artcr y: An artery within the red pulp of the spleen that 
arises from the central artery of the periarterial lym- 
phatic sheath 

Pupil: The opening in the center of the iris, 

Purkinje cell: A large, modified cardiac muscle cell that 
forms a part of the heart’s conduction system. The word 
also identifies the large multipolar nerve cells present in 
the cerebellum at the junction of the granular and 
molecular layers. 

Pyknotie cell: A cell with a shrunken, basophilic nucleus or 
a cell that has become reduced in size. 

Pyloric gland region: Tile terminal glandular region of the 
stomach, characterized by deep gastric pits and mucous 

glands with some parietal cells. 

Pyramidal cell: A nerve cell having the shape of a pyramid, 

as found in the cerebral cortex, 

Rachis: The pan of rhe central shaft of a contour feather 
bearing the vanes. 

Rathkc's pouch: An ectodermal diverticulum from the roof 

of the oral cavity of an embryo, 

Red pulp: The portion of the parenchyma of the spleen 
other than the white pulp; characterized by the abun- 
dance of erythrocytes. 

Renal corpuscle: A component of rhe nephron consisting of 
Bowman’s capsule and the glomerulus. 

Renal cortex: The outer part of the kidney, identified by the 
presence of numerous renal corpuscles, 

Rena! medulla: The region of the kidney internal to rhe cor- 
tex and dominated by loops of Henle ? collecting tubules, 

and vasa recrae. 

Renal papilla: The tip of a renal pyramid. 

Renal pelvis: The expanded end of the ureter located within 

the hilus of rhe kidney. 

Respiratory bronchiole: A bronchiole with scattered alveoli 
within its walls and positioned between a terminal bron- 
chiole and an alveolar duct. 

Rete ovarii: Channels, lined by cuboidal cells, located 
within the medulla of rhe ovaries of carnivores and ru- 
minants. 

Rete icsiis: A network of channels located within rhe loose 

connective tissue of rhe mediastinum restis. 
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Reticular fiber: A thin, argyrophilic, collagenous fiber 

Reticular Saver (of dermis): The dense irregular connective 
tissue layer of the dermis. 

Reticular structure: A diffuse Form of I lassalks corpuscle in 
the thymus of the chicken, consisting of an irregular 
mass of reticular cells, including degenerating ones, in 

the medulla of lobules* 

Reticular tissue: A special form of connective tissue proper 
consisting of a felnvork of reticular fibers functioning as 
a supportive framework for cells of the parenchyma. 
Among other locations, it is well represented in the liver, 
spleen, and hone marrow. 

Reticulocyte: A newly produced erythrocyte. 

Retina (photosensitive): The parr of the retinal tunic of the 
eye containing light sensitive rod and cone cells. 

Retinal tunic: The innermost layer of the wall of the eye, 
consisting ol the photosensitive retina, the pars ciliuris 
retinae, and the pars iridica retinae. 

Romnnovsky stain: A compound dye substance used far 
staining the various different cells of the blood and bone 



marrow* 

Rouleaux- An arrangement of erythrocytes, in a smear 
preparation, resembling a stack of discs or coins. 

Rumen: The largest subdivision of the forestomach of ru- 
minants. 

Sacculus (saccule): A part of the membranous labyrinth 
within the vestibule of the inner ear; contains a macula 
whose sensory cells, when stimulated, make an animal 
aware of the position of its head in space and the sensa- 
tions of linear acceleration and deceleration. 

Sarcolcmma: The plasmalemma (cell membrane) of a mus- 
cle cell. 

Sarcomere: The unit of contraction of a skeletal or cardiac 
muscle myofibril; every sarcomere of a myofibril is lo- 
cated between adjacent Z lines. 

Sarcoplasm: The cytoplasm of a muscle cell. 

Satellite cell: A neuroglia cell in close proximity to the cell 
body of a neuron. Also, a cell with mesenchymal prop- 
erties found intimately associated with skeletal muscle 

* 

cells* 

Scala tympani: A chamber of the inner ear, filled with per- 
ilymph, and lying below the floor of the cochlear duet* 

Scala vestibuli: A chamber of the inner ear, filled with per- 
ilymph and lying above the roof (vestibular membrane) 

of the cochlear duct* 

SehiffA reagent: A colorless fuchsin sulfurous acid (leueo- 
fuchsin) solution* Leucofuchsin is used in the Periodic 
Acid-Schiff (PAS) reaction for demonstrating the pres- 
ence of complex carbohydrates, e.g,* glycogen, starch, 
cellulose, and proteoglycans, among others. 

Schwann cell: A cell of the peripheral nervous system 
closely associated with neuronal processes and responsi- 
ble for forming the neurilemma. 

Sclera: A part of the outermost tunic of the eye* consisting 
of dense irregular connective tissue. 

Scleral cartilage: A cup-shaped lay er of cartilage within the 
sclera of the eye of the chicken. 

Scleral ossicle: A plate ol bone, located anterior to the scle- 
ral cartilage, within the sclera of the eye of the chicken, 

Scleral trabecular meshwork: A vvebwork of elastic and 
collagenous fibers, within the filtration angle ol the eye 

of the chicken, whose spaces are continuous with the 



spaces of Fontana of the uveal mesh work (pectinate lig- 
ament). 

Scleral venous plexus: A system of channels that drain ex- 
cess aqueous humor away from the eye. 

Sebaceous gland: A holocrine gland of the skin that pro- 
duces an oily secretion. 

Sebaceous zone: The sebaceous region of the umpygial 
gland of the chicken. 

Secondan follicle: An ovarian follicle of the mammal with 



a GAshaped antrum 

Secondary spermatocyte: The stage of spermatogenesis be- 
tween primary spermatocyte and early spermatid. 

Secretory duct: See striated duct. 

Semicircular canal: The tubular channel of the inner ear 
within the temporal bone that contains a semicircular 
duct. 

Seminal vesicle: An accessory reproductive gland that con- 
tributes to the seminal fluid at ejaculation. 

Seminiferous tubule: A highly convoluted tubule within the 
testis where spermatogenesis occurs. 

Sensory cell: A neuron that conveys sensory information to 

the central nervous system* 

Sensory hair cells (car): Cells, with stereocilia on their api- 
cal surfaces that, when stimulated, will initiate an im- 
pulse to the brain for interpretation; found in the organ 

of Coni, sacculus, utricle, and crista ampul laris. 

Serosa: The lining membrane of the coelom in all its subdi- 
visions; consists of a mesothelium and layer of underly- 
ing connective tissue. 

Serous demilune: A crescent-shaped cap, as seen in histo- 
logic section, ol serous cells on the surface of a mucous 



acinus. 



Serous membrane: A synonym for serosa* 

Sertoli cell: A large, multifunctional cell, forming part of 

the epithelium of the wall of a seminiferous tubule, 
Serum; The acellular fluid part of blood obtained following 
coagulation. 

Sex cord: A convoluted cord of cells, within the testis of an 
embryo or young animal, whose cells will differentiate 
into stem cells* 

SharpevA fibers: Collagenous fibers that anchor the perios- 
teum to bone or a tendon to bone. 



Sheathed artery: A vessel of the white pulp of the spleen of 
the chicken that is surrounded by a ring of reticular cells. 
Shell gland: That portion of the oviduct of the chicken 
whose secretion produces the egg shell; the shell gland is 
also called the uterus. 

epithelium: An epithelium consisting of a single 
of cells, all of which are attached to the basement 
membrane. 




Sinus hair: A tactile hair, limited ro the facial region, that 
originates from a highly innervated follicle containing a 

large blood-filled sinus* 

Sinusal spleen: A spleen whose red pulp is characterized by 
numerous, blood- filled sinuses. 

Sinusoid: A thin-walled blood vessel with the characteris- 
tics ol a capillary hut having a larger and more irregular 

diameter* 

Small artery: Arbitrarily, an artery with up m 8 or 9 layers 
of smooth muscle cells in the tunica media. 1 he smallest 
of the small arteries is called an arteriole* 

Smegma: The soft, cheesy deposit of desquamated epirhe- 
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lial Cells and glandular secretions found on the glans and 
prepuce of the penis; it is also found in the urethral 
pouch of the stallion* 

Smudged cell: A ruptured, or otherwise distorted, leuko- 
cyte found in a blood or bone marrow smear. 

Soft keratin: A form of keratin, found in such places as the 
stratum corneum, that has fewer disulfide bonds and 

less cystine than hard keratin. 

Spaces of Fontana: Cavities filled with aqueous humor 
within the trabecular mesh works of the eye. 

Specific granules: Granules within the cytoplasm of a gran- 
ulocyte that characterize the cell, c.g., eosinophilic gran- 
ules of an eosinophil. 

Sperm-host gland: Tubular glands of the vagina of the 
oviduct of the chicken that serve as storage depots for 
deposited sperm. 

Spermatid: The haploid cell following the secondary sper- 
matocyte during spermatogenesis. 

Spermatogenic cell: Any precursor of a spermatozoon 
found within the seminiferous epithelium. 

Spermatogonium: The most immature spennatogenie cell 
of the seminiferous epithelium 

Sphincter (iris): The circumferentially arranged smooth 
muscle of the iris that enables pupillary constriction. 

Spicule: A small, frequently irregularly-shaped, piece of 
bone* 

Spiral ganglion: The auditory ganglion associated with the 
modiolus of the cochlea. 

Spiral ligament: A thickening of the periosteal lining of the 
cochlear canal. 

Spiral limbus: An elevation of connective tissue resting on 
the osseous spiral lamina of the cochlea. 

Spiral tunnel: The space below the tectorial membrane of 
the inner ear. 

Spleen: A major lymphatic and blood-filtering organ. 

Spongy bone (cancellous bone): An architectural form of 
bone consisting of a three dimensional mesh work of 
bony trabeculae containing numerous marrow spaces. 

Stapes: The middle ear ossicle attached to the oval window 
in the petrous portion of the temporal bone. 

Stellate reticulum: A portion of the enamel organ of a de- 
veloping tooth characterized by star-shaped cells. 

Stereocilia: Long microvilli found on the apices of certain 
cells, c.g., on the epithelial cells lining portions of the 
duct of rhe epididymis and on the sensory hair cells of 
the inner ear* 

Straight tubule: A tubule that connects a seminiferous 
tubule with the rete testis. 

Stratified epithelium: An epithelium consisting of two or 
more layers of cells with only the basal layer being in 
contact with the basement membrane* 

Stratum basale: The layer of cells in contact with the base- 
ment membrane of the epidermis* 

Stratum caveriiosum; The erectile tissue of rhe pelvic ure- 
thra. 

Stratum compactum: A thick layer of collagenous fibers lo- 
cated between the base of the glands and the muscular is 
mucosae of the glandular stomach ot the cat and some 

dogs. 

Stratum corneum: The outermost, keratinized layer of the 

epidermis. 



Stratum germinativum: The layers ot the epidermis below 
the stratum corneum of the chicken, i.e., rhe basal, in- 
termediate, and transitional layers* In mammals, stra- 
tum germinativum is a term sometimes employed to in- 
clude both the stratum basale and the stratum spinosum. 

Stratum granulosum: The layer of cells below the stratum 
corneum whose cytoplasm contains kcratohyalin gran- 
ules. 

Stratum intermedium: The layer of cells located between 
ameloblasts and the stellate reticulum of a developing 
tooth. 

Stratum lucidum: The layer of pale epidermal cells located 
between the stratum corneum and stratum granulosum 
of thick skin. 

Stratum medium: The major portion of the wall of the 
horse’s hoot, consisting of tubular and intertubular horn 
that extends from the coronary region to die surface oi 
the ground. 

Stratum spinosum: The layer of the epidermis directly 
above the stratum basale. It is characterized by cells 
whose membranes have shrunken in all places except 
where desmosomes occur, giving the cells the appear- 
ance of having spines. 

Stratum vasculare: The richly vascularized and well inner- 
vated layer wedged between rhe inner circular and outer 
longitudinal layers of the myometrium of the bieomuate 
uterus of domestic mammals. 

Stria vascularis: The stratified cuboida 




lum 



of the 

side of the cochlear duct that is attached to the spiral lig- 
ament of the cochlear canal, t Capillaries occur among 
the superficial cuboida! cells ol the stria. 

Striated border: The border of apical microvilli of intestinal 
epithelial cells as seen in profile view. 

Striated duct: xAn intralobular duct ol a salivary gland 
whose epithelial cells have vertical stripes (invaginations 
of the plasma membrane) along their basal ends. 

Stroma (corneal): The predominant layer of the cornea; 
also called the substantia propria. lr consists of lamellae 
of collagenous fibers oriented parallel to the corneal sur- 
face , 

Subarachnoid space: A space, filled with cerebrospinal 
fluid, located between the arachnoid layer and pia mater 
of the brain and spinal cord. 

Subcapsular sinus: The space, filled with lymph, beneath 
the capsule of a lymph node* 

Subcuds (subcutaneous connective tissue): The layer of 
loose connective tissue deep to the skin. 

Submucosa: The layer of connective tissue beneath a mu- 
cous membrane. 

Sulcus (chicken proventriculus ); A depression between 
folds of the mucosa of the proventriculus* 

Superficial cell: Similar in size and shape to a superficial in- 
termediate cell of a vaginal smear, but with a pyknotic 
nucleus, faded nucleus, or no nucleus. 

Superficial gland of the nictitating membrane: Depending 
on rhe type of animal, a serous, mucous, or mixed gland 
surrounding the base of the cartilage supporting the 
membrane. 

Superficial intermediate cell: A large, vaginal, epithelial cell 
with angular edges and a round nucleus found in vagi- 
nal smears* 
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Sweat gland; A tubular, or sac like gland of the skin; may be 
cither apocrine or meroerine. 

Syndesmochorial placenta; The type ol placenta of ewes 
and nanny goats where f ive layers of tissue separate ma- 
ternal from fetal blood* 

Synovial fluid: The clear, lubricating fluid within the syn- 
ovial cavity of a synovial joint* 

Syntrophoblast: I he syncytial outer layer ol the tro- 

phoblast. 

Syrinx; The voice box of the chicken, located where the tra- 
chea bifurcates into two bronchi* 

Taenia ceei: Flat bands of smooth muscle and elastic fibers 
within the cecum of horses and pigs. 

Taenia eoli: Flat bands of smooth muscle and elastic fibers 
within the colon of horses and pigs* 

Tail of the epididymis: The end of the epididymis that joins 
with the vas deferens* 

Tapettim lucidum; A fibrous or cellular reflective layer of 
the choroid coat of the eye* 

Tarsal glands: Large multilobular sebaceous glands located 
within the tarsus (plate of dense connective tissue) of rhe 

pa I pebra 1 con ju tictiva . 

arc ol dense connective tissue within the eyelid. 
It is located between the dermis of the skin and the lam- 
ina propria of the palpebral conjunctiva* 

Taste bud; A multicellular, barrel-shaped structure, con- 
sisting of sensory and supportive cells and located 
within various parts of the epithelium of the tongue. 
Taste pore: A tiny opening at the tip of a taste bud. 

Teat canal: A channel, lined by stratified squamous epithe- 
lium, that opens onto the tip of a teat* 

Teal sinus: A channel, lined by a bistratified epithelium, 
that opens into a teat canal. 

Tectorial membrane: A proteinaceous membrane that 
overlies and contacts the stereocilia of the sensory cells 
of the organ of Corti of the inner ear* 

Tegmentum \ ascuiosum: A vascularized membrane sepa- 
rating the cochlear duct from the overlying sea la 
vestibuli of the inner ear of the chicken. 

Tendon: A bundle or band of dense regular connective tis- 
sue connecting a muscle to a bone* 

Tendon sheath: A layer of cells and fibers of connective tis- 
sue on the surface of a tendon. 

Territorial matrix: The matrix, rich in sulfa ted gly- 
eosaminagl yeans, immediately surrounding a chondro- 
cyte (s) of hyaline cartilage* 

Tertiary follicle: The large ovarian follicle just prior to ovu- 
lation; also called a Graafian follicle. 

Theca externa: The outer (connective tissue) layer of the 
wall of a mammalian ovarian follicle. 

Theca folliculi: A sheath of stromal cells, surrounding a 
growing, mammalian ovarian follicle, that will differen- 
tiate into a theca externa and theca interna* 

Theca interna: The inner cellular and well vascularized 
layer of the wall of a mammalian ovarian follicle* 

Theca lutein ceil: A small lutein cell of a corpus luteum de- 
rived from a cell of the theca interna. 

Thick skin: Hairless skin with an epidermis that is many 
cells thick, e.g,. skin of a digital pad or of the planum na- 
so labia le* 



Tarsus: A pi 




thick; e.g., skin ol the trunk or of the legs among other 

places. 

Thrombocyte: A blood cell of the chicken with a role in 
blood clot formation*: Also, incorrectly used as a syn- 
onym for a platelet of mammals. 

Thyroid follicle: A vesicle of the thyroid gland, formed of a 
simple epithelium, that contains the storage form of thy 
roxin called thyroglobulin. 

Tonsil: A lymphatic organ found below the epithelium in 
such places as the tongue and pharynx* 

Trabecula: A part of- the framework of connective tissue of 
an organ or structure, e*g., a bundle of fibers of the 
splenic stroma or any of the irregularly shaped pieces of 

bone that form part of the three dimensional latticework 

of spongy bone. 

Transitional epithelium: An epithelium, limited to the uri- 
nary system, whose appearance depends on the amount 

of fluid pressure applied against it* 

Trophoblast: The mesectodcrmal layer covering the blas- 
tocyst. 

Tubuloacinar gland: A gland whose secretory units consist 
of tubules and acini. 

Tunica adventitia: The outermost layer of connective tissue 
of a blood vessel. 

Tunica albuginia; A layer of dense connective tissue sur- 
rounding a structure, e*g*, the layer beneath the germi- 
nal epithelium of the ovary or the layer surrounding the 
testis* 

Tunica intima; The innermost tunic of the wall of a blood 
vessel. 



Tunica media: The middle, muscle layer of the wall ol a 



blood vessel 

Tunica vaginalis: I he serosa of the testis and the epi- 
didymis* 

Tympanic cavity: The cavity containing the middle ear os- 
sicles; also called the cavity of the middle ear* 

Tympanic membrane (eardrum): The membrane between 
the external auditory meatus and rhe tympanic cavity 
(cavity of the middle ear). 

Type 1 ceil (ol the macula): A chalice-shaped sensory cell of 
the epithelium of the macula of a sacculus 

l Jnipolar neuron: A nerve cell with two processes that arise 
from a single site on the surface of the nerve cell* 

Ureter: The tube extending from the renal pelvis to the uri- 
nary bladder* 

Urethra: The tube extending from the urinary bladder to 
the exterior. 

Urethral process: An extension of the urethra beyond the 
penis as in rhe stallion and ruminants. 

Urinary space: The cavity between the capsular epithelium 
and the glomerular epithelium of a renal corpuscle* 

Urodeum: The portion of the cloaca of a chicken into 
which urinary wastes are deposited* 

Uropygial gland (preen gland): A holocrine gland that pro- 
duces an oily secretion and is located dorsal ly within the 
base of the tail of the chicken. 

Uterine gland: A simple, tubular gland within the en- 
dometrium of the uterus* 

Utriculus: Function same as for sacculus. 

Uveal trabecular mesh work: One of three meshworks of 
connective tissue, within the filtration angle of the eye, 
whose cavities arc filled with aqueous humor. 
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Vacuolar cell: A cell of the cortex of the chicken ovary con- 

¥ 

raining numerous fat vacuoles and a pvknodc nucleus. 
Collections of these cells may represent the remnants of 
a postovulatory follicle. 

Vagina (of the chicken oviduct): The segment of the 
oviduct that opens into the urodeum of the cloaca. 
Vane (of a feather): The most prominent feature of a con- 
tour feather. It ls formed of barbs and interlocking bar- 
bules positioned on opposite sides of the rachis, 

Vas deferens: The sperm duct that extends from the testis 
to the urethra. 



Vasa vasorum: Blood vessels within the wall of a blood ves- 
sel ■ 

Vasa recta: Straight, thin-walled, large diameter blood ves- 
sels located within the medulla of the kidney. 

Vascular tunic (uvea): The middle layer of the wall of the 

eye. 



Vascular layer (of choroid): The portion of the choroid 
layer of the eye that contains numerous blood vessels. 

Ventral root: The motor portion of a spinal nerve that 
arises from the ventrolateral part of the 

Venule: A small, thin-walled vein. 

Vestibular membrane: A thin, epithelial membrane sepa- 
rating the cochlear duct from the seal a vestibuli of the 
inner ear. 

Vestibule: An entrance chamber, e.g,, of the nose, inner ear, 
or vulva. 




Villus: A finger-shaped process, e.g., intestinal villus. 

Visceral pleura: The serous membrane covering the surface 
of the lung. 

Vocal ligament: A band of elastic fibers enclosed in a fold 
of a mucous membrane, 

Volk m ann canal: In the diaphysis ol a long bone, any trans- 
verse channel connecting two Haversian canals or pierc- 
ing the shaft of the bone. 

Vulva: The external genitalia of the female mammal; it in- 
cludes the vestibule, labia, and clitoris. 

Wall (of hoof ): The part of the hoof that is visible when the 
digit is on the ground. 

Wattle: A fleshy appendage of the skin as in the throat re- 
gion of the neck of a chicken, goat, or pig. 



White line: The junction, at the surface of the ground, of 
the wall and sole of the horse’s hoof- 

White matter: The pan of the brain or spinal cord contain- 
ing numerous myelinated neuronal processes. 

White pulp: The scattered but numerous concentrations of 
diffuse and nodular lymphatic tissue found throughout 
the red pulp of the spleen. 

x.s.: Cross section. 



Z band (line): The boundary between adjacent sarcomeres 
ol a myofibril; structurally, it represents the point at 
which the actin filaments of adjacent sarcomeres arc in 

contact with the Z filament* 

Zona fasciculata; The rhickesr portion of the adrenal cor- 
tex; located between the zona glomerulosa or zona in- 
termedia and the zona reticularis. 

Zona glomerulosa (zona multiformis): The outermost por- 
tion of the adrenal cortex. 

Zona intermedia: The portion of the adrenal cortex located 
between rhe zona glomerulosa and the zona fasciculata, 
Zona pellucida: An acidophilic membrane separating an 
oocyte from rhe cumulus oophorus. 

Zona reticularis: The innermost portion of the adrenal cor- 
tex located between rhe zona fasciculata and the adrenal 

medulla. 



Zonar) placenta: A placenta, found in carnivores, rhar is 
wrapped around the chorionic sac in the manner of a 

cummerbund. 

Zone of calcification: The portion oi the epiphyseal disc 
where the cartilage matrix becomes infiltrated by cal- 
cium salts. 

Zone of hypertrophy: The portion of an epiphyseal disc 
where the chondrocytes become enlarged. 

ication (proliferation): The portion of an 
epiphyseal disc where condrocytes are duplicated. 

Zone of ossification: The portion of an epiphyseal disc 
where cartilage is being replaced by bone. 

Zone of reserve cartilage: The portion of an epiphyseal disc 
that is attached to the bone of the epiphysis. 

Zonular fibers: Collagenous suspensory fibers that extend 
from the capsule ol the lens to the ciliary processes, 
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A band, 41, 43 
A cell, 155, 156 , 161 
Abdominal air sac, 189 
Abomasum, 120. 139-141 

Acidic (anionic) stains* 3 



Acidophil (alpha cell), 191, 193* 195 , 196 , 201 

Acinus, 155, 156 \ 161 , 256 

Adenohypophysis, 191, 193 
Adipocyte (fat cell), 13, 17, 18 

Adipose tissue 

cardiovascular system, 61, 62, 64, 65, 66, 67 
connective tissue, 14, 18 

digestive system, 124, I27 f 130, ! 52, 7 33, l VK 144, 148, 




ear, 263 

endocrine system, 197, 202 

fe ma I e re prod u ct i v e s y s re m, 22 8 
integument, 97, 98, 1 15, 116 T 118 
lymphatic system, 78, 83 
male reproductive system, 215 

nervous system, 51 

respiratory system, 179, J 80, 181 

urinary system, 166, 169 
Adrenal cortex, 192 

Adrenal gland, 192, 199, 200 
Adrenal medulla, 192, 199, 200, 202 
Adventitia 

digestive system, 119, 132, 133, 154 
female reproductive system, 222-223, 237 
male reproductive system, 211 
tunica adventitia, 57, 60, 61, 62, 63, 65, 230 
urinary system, 164, 165, 171 
Afferent arteriole, 168, 169 



Agranulncyie, 2S 

Air capillary, I 7 7, 189 
Air sac, 177, 



Air space, 113 

Air vesicle (atrium), 177, 1S8, 189 
Albumen, 242 

Allantoic blood vessel, 232 , 233,, 234 } 235, 236 
Allantoic epithelium, 232 
Alpha cell (acidophil), 191, 193, 195. 1 96, 201 
Alveolar bone, 122, 123 

Alveolar duct, 176, 1 S3 
Alveolar sac, 176, I S3 



Alveolar septum, 1#4 
Alveolar (type II) cell, 184 
Alveolus, 176, 182 , 183 , 184 , 185 
Ameldblastj 123 

Amorphous ground substance, 13, 14, 15, 19 




ear, 262, 265 

female reproductive system, 222, 228 
male reproductive system, 204, 2 if / 

Anal canal, 120, 149, 151 
Anal gland, 120, 149, 150 
Anal sac, 120, / 49, 150 
Anastomotic artery, 63, 155 
A nest ms, 222. 223, 229 , 237, 238 
Anionic (acidic) stains, 3 
Annular gland, 257 
Annular ligament, 264, 265 
Annular pad, 247 
Annular sinus, 99 

Anterior chamber, 245, 249, 250, 254, 257 
Anterior epithelium, 245, 252 
Antrum, 221, 225, 226 

Aorta, 63, 64, 65 
Aortic body, 66, 67 

Apical cell, 243 

Apocrine tubular gland, 150 
Arachnoid layer, 47 
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Areolar (loose) connective tissue 
defined, 14, 15, 16* 17 
digestive system, 124 
eye, 249 

male reproductive system, 20 9* 210 
Argyrophilic fiber, 13 
Artec tor pili muscle, 86, 94 

Arteriole 

cardiovascular system, 37, 39, 60* 66, 67 
connective tissue, 17 
digestive system, 134, 141 
lymphatic system, 70 
muscle, 42 

Arteriovenous anastomoses, 58, 6 3 
Arteriovenous shunt, 54 

Artery, 25 1 57-58, 61, 67* 230 

Articular cartilage, 264 
Articulating surface, 26 

A r d fa ct { i m p e r f ec ti o n s ) 

c r a e k ling ; a it i fa ct, 8 
defined, 7, £ 

digestive system, f23* 127, 143 
endocrine system, 1SSS 
eve, 252, 258 , 259 

female reproductive system, 235 

nervous system, 52, 55 

space artifact, 52, 55, 123, 127 , 198, 235, 252, 258 , 259 
Arytenoid cartilage, 7 79* 180 
Astrocyte, 48 
Atresia, 222 

Atretic follicle, 223, 240 

Atria, 58 

Atrium, myocardium, 65 
Atrium (air vesicle), 177, 188 , 189 
Attachment epithelium, 123 
Auerbach’s plexus, 51* 146 
Auricle (pinna), 261 
Axial blood vessel, 112 

Axon, 45, 52* 53, 55 
Axon hillock, 50 

Azurophilic granule, 28, 34 , 38, 3 9 

R cell, 155, 156, 161 
Band cell, 38, 39, 40 
Bar, hoof, 108, 109 
Barb, 87, 112 
Barb stem, 113 
Barbu le, 87, 113 

Basal cell 

digestive system, 158 
epithelium, 10 

female reproductive system, 243 

integument. 111* 118 

male reproductive system, 210, 21 I, 2 72 
parabasal cell, 223, 238, 239 

respiratory system, 178* 185* 186 
Basal layer, 87, 114 
Basal sedations, 128 

Basement (glassy) membrane, 9* 10 T 86, W1 
Basic (cationic) stain, 3 
Basilar membrane, 262, 266, 267 
Basophil (beta cell) 



blood, 28, 29, 30, 31* 32* 36 

endocrine system, 19 1, 196,201 
Basophilic band cell, 40 

Basophilic eryth rob last (prombricyte), 37-38, 39, 40 
Basophilic myelocyte, 39, 40 
Basophilic substances, 3 
Beak, 87, 115 

Beta cell (basophil) 

blood, 28, 29*30, 3L 32, 36 
endocrine system, 191, 196, 201 
Bifurcation, 44 
Bi le canaliculus, 121* 152 
Bile duct, 152, 153 

Binocular microscope, 6 
Bi nucleate hcpatocyte* 153 
Bistratified columnar epithelium, 104. 105 
Bistratified cuboidal epithelium, 1 1, 104 , 105 
Bitch. See Dog 

Blood, 27-36 

agranulocyte, 28 
azurophilic granule, 28, 14 

basophil ( beta cell), 28* 29 , 30,31, 32,36 
huffy coat* 31, 32, 34, 35 
central pallor* 27* 28 
chicken, 28-29* 35-36 
crenated erythrocyte, 27, 28 

eosinophil, 28, 29, 30 , 3U 32 , 33, 34, 35* 36 
erythrocyte (red blood cell), 27-29, 30, 35, 36 

formed elements, 27 

granulocyte, 28, 35 

heterophil* 29, 35* 36 

leukocyte (white blood cell), 27, 28, 30 

lymphocyte, 28, 29* 30, 31, 32. 33, 34, 35, 36 

mammals, 27-28* 30-35 

monocyte, 28, 29* 30, 3 1, 32, 33, 35* 36 
neutrophil, 28* 30* 3l r 32, 33, 34 * 35 

plasma, 27, 30 
platelet, 27, 28, 3! f 32, 34 

polymorphonuclear leukocyte, 28 

Romano vs kv (Wright's and Giemsa's} stains for, 3 
rouleaux, 27, 28 
serum, 27 

smudged cell, 30, 32* 36 
thrombocyte, 29, 35 
vacuole* 29* 35 

Blood vessel 

allantoic blood vessel* 232 * 233, 234, 235* 236 

axial blood vessel, 112 

digestive system, 123. 130, 131 
ear, 267 

endocrine system, 195 
eye, 253, 259 

female reproductive system, 231, 232, 233, 234 T 235, 236, 

243 

integument, 98* 104 , 105, til, 112, 115 

lymphatic system, 83 

maternal blood vessel, 233* 234* 235 
mesenteric blood vessel, 54 
nervous system, 46. 53* 54 
Boar* See Pig 

Body of penis (corpus penis), 205, 215, 27 6 
Body of prostate gland, 204, 2 1 2 
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Bone* 21-26 
artery, 25 

articulating surface, 26 

hone marrow, 22, 23, 24 
bone matrix, 21, 22, 23, 24, 26 
calcified cartilage, 22, 23, 24 
canafkuli, 21, 24 

cartilage, 26 

circumferential lamellae, 21, 24 
collagen, 21 

compact bone* 21, 24, 25 
distal interphalangeal joint, 26 

ear, 263 

endochondral (intracartilaginous) bone, 21, 22, 24 
endosteum, 21, 25 

epiphyseal disc, 21, 22, 23 

extensor tendon, 26 
fibrous capsule, 26 

haversian systems, 21, 24, 25 

hyaline cartilage, 21, 22 

hydroxyapatites, 21 
immature bone, 21, 22 
integument, 115, 117 
interstitial systems, 21, 24 
in tra mem bra no us bone, 21 
joint cavity, 26 
lacuna, 24 
lamellae, 21, 24 
marrow cavity, 25 

mature bone, 21, 22 

megakaryocyte, 25 

membrane bone, 22 
nerve, 25 

nervous system, 55 
osteoblast, 21, 22, 23, 24 
osteoclast, 21, 22, 24 

osteocyte, 21, 22, 23* 24, 25 

osteoid* 22 

p 3, no, ui 

periosteum of femur, 25 
primary center of ossification, 22 

respiratory system, 178, 189 
Sharpey's fiber, 25, 26 

sinusoid, 24 
skull, 46 

spongy bone, 21, 22, 23 

synovial fold, 26 

tendon, 25* 26 

vein, 25 

Volkmamvs canal, 24, 25 
zone of calcification, 23, 24 
zone of hypertrophy, 23, 24 
zone of multiplication, 23, 24 
zone of ossification, 23, 24 
zone of reserve cartilage, 23 
Bone marrow, 37-40 
azurophilic granule, 38,39 
band cell, 38, 39, 40 
basophilic band cell, 40 

basophilic ery throb last (pmrubncvte), 37-38, 39, 40 
basophilic myelocyte, 39, 40 



bone, 21, 23, 24 

chicken, 38, 40 
endothelial cell, 40 
eosinophil, 40 
eosinophilic band cell, 39 
eosinophilic myelocyte, 39 
erythr oblast, 40 
erythrocyte, 39, 40 
granulocyte, 38 , 39 

hematopoietic tissue, 37 
heterophil, 40 
mammals, 37-38, 39-40 
megakaryocyte, 38, 39 
metamyelocyte, 38, 40 
mitotic figure, 39 
myeloblast, 38 
myelocyte, 38, 39, 40 
neutrophil, 40 

neutrophilic band cell, 39, 40 
neutrophilic metamyelocyte, 40 

orthochromatophilic erythrobiast (normoblast, metarubri- 

cyte), 38, 39, 40 
i>steoblast, 38, 39 
osteoclast, 38, 39 
plasma cell, 39 
pluripotent stem cell, 37 

polychromamphilic erythrobiast (m hr icy re), 38, 40 
proerythrocyte, 37 
promyelocyte, 38, 40 
reticulocyte, 38, 40 

Roman ovsky (Wright's and Giemsa’s) stains for, 3 
smudged cell, 39 
vascular sinusoid, 37, 38 
Bone matrix, 21, 22, 23, 24, 26 

Bony tracheal ring, 786* 787 
Bowman’s capsule, 164 
Bowman’s gland, 175, 178, 786 
Bowman’s membrane, 245, 247, 258 

Brain sand* 48 

Bridge, 247, 259 

Bronchi, 175, 176-177, 182 , 1 84 

Bronchial cartilage, 7 88 
Bronchial rings, 186 t 18 7 

Bronchiole, 176, 182, 183 , J84 
Bruch's membrane, 246, 247 
Briicke’s muscle, 247, 257 
Brunner's gland, 120, 74/, 143 , 145 
Brush border, 163, 768 
Bully coat, 37, 32, 34, 35 

Bulb, hoof, 108, 109 

Bulbar conjunctiva, 247, 249, 250, 251 , 252, 254 
Bulbourethral (Cowper's) gland, 204, 213 
Bursa of Fabric! us, 71, 84 

C (parafollicular f cell, 192, J97 
Calamus (quill), 87, 113, 114 
Calcified cartilage, 22, 23, 24 

CAM (chorioallantoic membrane), 222, 232, 234, 235 
Canal of Hering, 121 

Canal of Schlcmm, 248, 257 
Cana lieu li, 21, 24 
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Capillary 

air capillary, 177, 189 

cardiovascular system, 57, 59 

chorio capillary layer, 246, 253, 254 , 259 

digestive system, /34. 155 , 161 

ear, 267 

eye, 254, 259 

integument, 9$, 100 

lymphatic system, 70, " 1 , 77, SO , #4 
muscle, 42, 44 

nervous system, 45 

postcapillary venule, 70, 77 
respiratory system, 177, 189 
sheathed capillary, 70 
sinus capillary, 114, 115 
urinary system, 1 72 
Capillary layer, 71, 84 

Capsular (parietal) epithelium, 164, 167, 168 
Capsule 
bone, 26 
Bowman’s, 164 

connective tissue (capsule of), li7, 163 
digestive system, 120, 121, 153 
endocrine system, 199, 200, 201 , 202 
eye, 247, 250, 257 
fibrous capsule, 26 
lens capsule, 250 

lymphatic system, 70, 74, 75, 76, 78, 79, SO, 81, 83 

male reproductive system, 2/2 

nervous system, 54 

urinary system, 163, 164, 166 , J67 

Capsule of Glisson, 120, 121, t53 
Cardiac gland, 136, 137, 139 

Cardiac gland region, 120, 136 

Cardiac muscle, 41, 44, 64 
Cardiac skeleton, 58, 65, 66 
Cardiac sphincter, 137 

Cardiovascular system, 57-67 

adipose tissue, 63, 62, 64, 65, 66, 67 
anastomotic artery, 63 
aorta, 63, 64, 65 

aortic body, 66, 67 

arteriole, 57, 59, 60, 66, 67 
arteriovenous anastomoses, 58, 63 
artery, 57-58, 63, 67 

atria, 58 

atrium, myocardium, 65 
capillary, 57, 59 
cardiac muscle, 64 
cardiac skeleton, 58, 65, 66 
cecum, 67 

chondrocyte, 66 
collagenous fiber, 64 
clastic fiber, 61, 64 
endocardium, 58, 64 
endothelial cell, 59, 60 
endothelium, 57, 67 
epicardium, 58 
epithelioid cell, 63 
erythrocyte, 59* 60, 61, 67 

external elastic membrane, 6/, 62 

glomus, 63 



heart, 58 

internal elastic membrane, 57, 60, 61, 62 
lymph node, 67 
lymphatic vessel, 58, 67 
macrophage, 59 
mast cell, 59 

medium artery, 57, 61, 62 
medium vein, 57, 6l s 62 
mesenchyme- 1 ike tissue, 65 
myocardium, 58, 64, 66 
myofibrils, 66 
nerve, 61, 62, 63, 66, 67 
neurons, 66 
pancreas, 61 
parenchyma cell, 66 
pericardial cavity, 66 
pericardium, 58, 66 
plasma, 59, 60, 67 

portal vein, 62 

pulmonary artery, 63., 64, 65 
pulmonic (semilunar} valves, 65 

Purkinjc cell, 66 

renal artery, 62 
right auricle, 64 
skeletal muscle, 59, 60 
small artery, 57, 59, 60, 61 
small vein, 57, 59 1 60 
smooth muscle, 59, 64 
squamous cell, 57 
sweat gland, 60 

tunica adventitia, 57, 60, 61, 62 r 63, 65 

tunica inrima, 57, 6/, 62, 63, 64, 65 

tunica media, 57, 61, 62, 63, 64, 65 

Type 1 cell, 67 

Type II cell, 67 

umbilical artery, 63 

uterine gland, 59 

valves, 58, 60, 62, 65, 67 

vasa vasorum, 57, 64 
vein, 57, 61 , 67 
vena cava, 64 

venule, 57, 59, 60, 67 
Carpal gland, JQ3 
Cartilage, 19-20 

amorphous ground substance, 19 
bone, 26 

chondrocyte, 19, 20 
collagenous fiber, 19, 20 
elastic cartilage, 1 9, 20 
elastic fiber, 20 

fibrocartilage, 19, 20 
hyaline cartilage, 1 9, 20 

integument, 110 
interterritorial matrix, 19,20 
isogenous groups, 1 9 
lacuna, 19 
matrix, 20 

perichondrium, 19, 20 
plate, 75 

proteoglycans, 19 
respiratory system, 178 
territorial matrix, 19, 20 
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Cartilaginous frame, 26 7 

Cartilaginous tracheal ring,, 186 , 187 

Caruncle, 222, 23 1 

Cat 

blood, 30, .SI 
bone, 22, 23, 24 , 25 

bone marrow, 39—40 

cardiovascular system, 60, 61, 62* 66 

connective tissue, 1 5 

digestive system, 125 , 127, 732, 13S, / 40, 14/. 143, 144, 

146, 147, 149, 150, 152 

endocrine system, 194, 199 

epithelium, 10, 11 

eye, 250, 252 

female reproductive system, 225, 229, 2 ?7 3 23# 

integument, 88, 92 , 94, 102, 103 
lymphatic system, 72, 73, #3 
male reproductive system, 214 
muscle, 44 

nervous system, 48 , 53, 54 
respiratory system, J#0, f#2* MJ, 1S4, 185 
urinary system, 167, 171 
Cationic (basic) stain, 3 
Caudal larynx (syrinx), 176, ?#7, IS8 
Cauda! region, pars distal is, 193, 200, 201 
Cavernous space 

female reproductive system, 237 
male reproductive system, 204, 213 , 214, 215, 2/6 
Cavernous vein, 178 
Cavity of air sac, 189 
Cavity of lens, 257 

Cavity of Rathkers pouch, 191, ] 92, 194, 195 

Cavity of renal pelvis, 169 , 170 

Caviry of vitreous humor, 245, 257 

Cecal band, 121, 148 

Cecal tonsil, 83 

Cecum, 67, 120, J47, HS, 159 
Cellular tapetum lucid urn, 246 
Cemcnrum, 123 
Centering slides, 3, 6 
Central artery, 7.9, 80 
Central canal, 49, 50, 54, 55 
Central lacteal, 142, 146 
Central layer, 118 
Central nervous system, 45 
Central pallor, 27, 28 
Central vein 

digestive system, 152, 153, 161 
urinary system, 164 
Gentroacinar cell, 755, 156 
Cephalic region, pars distal is, 193, 200 
Cerebellum, 46, 48, 201 
Cerebral cortex, 46 
Cerebrospinal fluid, 47 
Ceruminous gland, 263 
Cervix, 222, 236 
Cheek, 122 
Chestnut, 87, 107 

Chicken 

blood, 28-29, 35-36 
bone, 24 



bone marrow, 38, 40 
cardiovascular system, 61, 67 
cartilage, 20 

connective tissue, 15 
digestive system, 121, 156-161 
ear, 262, 267 

endocrine system, 193, 200-202 
erythrocyte, average size, 7, 28 
eye, 247-248, 257-260 

female reproductive system, 223-224, 239-243 
integument, 87, 7/2-11# 
lymphatic system, 70-71, 83-84 
male reproductive system, 205, 21 7-2 1 9 

nervous system, 54 f 55 

respiratory system, 176-177, 185-189 

urinary system, 164-165, 173-174 
Chief cell 

digestive system, 120, 137, 738, 139, J40. J5S 
endocrine system, 192, 198, 202 

Chondrocyte, 19, 10, 66 

Chorioallantoic connective tissue, 233 

Chorioallantoic membrane (CAM), 222, 232, 234 , 235 

Chorioallantoic villus, 234, 235, 236 

Choriocapillary layer, 246, 253. 254, 259 

Chorion laeve, 232, 234 

Choroid, 245, 246, 247, 249, 252, 253, 259 

Choroid plexus, 48 

Chromaffin cell, 200 

Chromaffin (medullary) tissue, 193 

Chromophil, 191,200 

Chromophobe, 191, 195, 196 , 200 
Cilia 

endocrine system, 19# 
female reproductive system, 228 , 231, 23 6 
male reproductive system, 218 , 279 
nervous system, 50 
stereocilia, 210, 262 

Ciliary body, 245, 246, 247, 250 , 257, 258 

Ciliary muscle, 246, 249, 250 

Ciliary process, 246, 249, 250, 251, 257 

Ciliated cell, 20L 242 

Ciliated epithelium, 241 

Ciliated pse udos t ratified columnar epithelium, 10, 176, 

177 

Circular muscle, 229 

Circumanal gland, 120, Z49, 150, I SI 

Circumferential lamellae, 21, 24 

Circumvallate papilla, 119, 126 

Classic lobule, 120 

Claw, 87, 106, 117 

Claw fold, 106 

Clear cell, 101 

Clearing specimens, 1, 2 

Clitoris, 223 

Cloaca, 121, 160, 164, 165, 205, 240 

Cochlea, 266 , 267 

Cochlear canal, 262 

Cochlear duct, 2 62, 266 

Cochlear nerve, 266, 267 

Collagen, 21 

Collagenous band, 104 
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Collagen oils fiber 



c a i 



it) vascular system, 64 

J A 



cartilage, 19, 20 

connective tissue, 13, 1 5, 16, 17 
integument, 97 
nervous system, 47 

trie hr o me (Mallory's and Masson's) stains for, 3 




duct, 174, 260 




,163, 164-165, 167 , 1 




7 



169, 170 , 171, 



174 

id, 197, 195,200 



Colon, 120 






urn nar cell, 2.37, . 

Columnar e p ith e l i u m 
bistratified. 



ciliated 



defined, 9, 10 







c 




ar epithelium, 10, 176, 177 



digestive system, 136 , 137, 139, 140, 146, 251, 260 
re, 255 

female reproductive system, 222, 224, 228 , 229, 241 





5 




integument, 
male reproductive system, 204, 209, 214 
pseudostrarified columnar epithelium, 9, 10, 17 5, 224, 241 





1 75 , 




, 177, 152, 255 



simple coin m na r c p i. th c 1 i u m , 1 3 7 , 139 , 140, 15 2 1 




stratified columnar epithelium, 21, 155, 2/4, 255 

urinary system, I. 




Comb), 87 ? 1 24, 1 15 

Co m m o n f o 1 1 i c n l a r o pc n in. g, 94 




act 




ne, 21, 24, 25 




Compound follicle, 

Cones, 253, 254, 259 

a, 127, 235 







u nc ti va , 

Connecting duct (excretory canal), 205, 217, 219 
Connective tissue, 13-18. See also Blood; Bone; 
adipocyte, 13, 17, 28 
adipose tissue, 14, 15 




am o 





round substance, 13, 14, 15 



argyrophilic fiber, 13 
arteriole, 17 

collagenous fiber, 1.3, /5, 16, 17 

connective tissue proper, 1 4 
dense connective tissue, 1 4 
dense irregular connective tissue, 
dense regular connective tissue, 14, 17 
ear, 265 

elastic fiber, 13, 15, 18 

elastic tissue, 14, 18 
embryonal connective tissue, 14 




17 



eosino 





, 13, 15, 16, 17 
10, 25, 2 7 



erythrocyte in capillary, 25 
extracellular matrix, 13 







13, 14, 15, 16, 17, 18 



globular ( glo b u 1 c ) 1 cu k o ey te, 1 4,26 
hematoxylin and eosin (H&E) stains, 13 
integument, 103 





(areolar) connective tissue 

, 259 



? 




7 5, 1 6, 1 7, 





lymphatic system, 53 



lymphocyte, 13, 7 6 
macrophage, 13, 17 

male reproductive system, 214, 275 
mast cell, 1 3, 15, 7 6 

mesenchyme tissue, 14, 25 
mucous connective tissue, 14, 75 




neutrophil, 13, 25 
plasma cell, 13, 25, 16 
reticular fiber, 13, 18 



reticular tissue, 14, 25 

Schiffs reagent, 13 

silver stains, 3, 13 

tendon and tendon sheath, 7 7, 18 

urinary system, 767 

Weigerris resorcin fuchsia, 13 
Connective tissue (band of), 1 3 4, 135 
Connective tissue (capsule of), 7 7 7, 163 
Connective tissue (coat of), 130 
Connective tissue (core of), 726, 227 
Connective tissue (lamina of), 789 

Connective tissue (papilla of), 122, 124, 125 , 126, 233, 137 

Connective tissue (partition of), 153 

Connective tissue (septum of), 255 

Connective tissue sheath, 96, .98, 99 

Connective tissue (trabecula of), 225 

Constrictor (sphincter) muscle, 246, 249, 251, 257, 258 

Contour feather, 87 

C opr odeum, 160 

Core, 55 

Cornea, 245-246, 247, 249, 2 50, 252, 252, 254, 257, 258 

C o r n ea 1 str ora a, 25 2 

Corneoscleral trabecular mesh work, 246, 250, 251 

Corneous cell, 7 72 

Corona, 69, 72 

Corona radiata, 222, 225 

Coronary region of hoof, 108, 109, 110 

Corpora amylaeea, 202, 103 

Corpora nigra (iris granule), 246 

Corpus albicans, 222, 226 

Corpus cavernosum, 205, 214 , 215 

Corpus cavernosum clitoridis (erectile tissue), 223 

Corpus cavernosum urethra (corpus spongiosum), 204, 213, 

214 




Corpus lute urn, 222, 225, 227 
Corpus nigrum, 

Corpus penis (body of penis), 205, 2.75, 21 6 

Corpus spongiosum (corpus cavernosum urethra), 204, 273, 





hair, 86, 96, 98 

kidney, 163, 166, 2 68, 2 73, 274 
lymph node, 75, 76", 77 
Cortical cel 1, 202 

Cortical labyrinth (pars convoluta), 163, 
Cortical nephrons, 164 



Cortical sinus, / 4 , 76 
Cortical stroma, 22 \ 



Cortical tissue, lymphatic system, 75 
Cortical tissue (interrenal), 1,93 
Cotyledonary placenta, 222, 235, 236 
Covering membrane, 247 ^ 259 
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Coverslipping* 2, 3 
C o w 

blood, 33 
cartilage, 20 

connective tissue, 15, 16, 17, 18 

digestive system, 124, 128, 134 , 05, 140 , 14.5, 148 , 7 5 6 
e n d oc r in e s v s tern , 1 9 8, 1 9 9, 200 
epithelium, 10 

eye, 256 

female reproductive system* 226, 22 7, 228, 231, 255, 236 
integument, 90, 91, 99, 102, 103, 104, 105, 107 
lymphatic system, 74, 75, 76, 77, SO 
nervous system, 50, 54 

r es p i r a to r y s y s tern , 181, 182, 185 
urinary system, 170, 171, 172 
Cowper’s gland (bulbourethral), 204, 20 
Crackling artifact, 8 
Crampton’s muscle, 247, 257 
Cranial larynx, 1.76 

p * 

Crenated erythrocyte, 27, 28 
Crista ampullaris, 262, 265 
Crop, 757 

Crypt, 74, 234, 235, 236 

Crypt of Licbcrkuhn 

digestive system, 120, 1.21, 147* 745, 144, 145 , 746, 747, 
148 s 749, 750, 757, 75.9, 160 

lymphatic system., 83 
Cryptal epithelium, 256 

Cuboidal epithelium 

bistratified, 17, 704, 705 

defined, 9, 1 0 

female reproductive system, 22 

integument, 104 , 105 
male reproductive system, 204, 209 
respiratory system, 177, 755 
Cumulus oophorus, 222, 225 
Cupula, 265 
Cuticle, 86, .96 
Cyst, 7 98, 200 
Cystic duct, 155 
Cytoplasmic process, 254 

Cy to tr o p h o bias t, 23 3 



3 




3 



229, 231, 255 



Dark 



cell, Wl, 154 , 1 5 198, 267 



Dark principal cell, 192 




zo n e 



3 



120 



3 




Dartos muscle, 97 

Deciduate, 222 

Deep cortex, 74 

Deep glandular layer, 232 

Dehydration, 1, 2 

Dendrite, 46', 50 

Dense connective tissue, 14, 17 

Dental lamina, 122 

Dental pad, 724 

Dental papilla, 722, 123 

Dental pulp, 725 

Dental sac, 722, 725 

Dentin, 725 

Dentin oeuamel junction, 725 

Dermal feather papilla, 85-86, 86, 87, 8 8 , 90, 96, 107, 710, 

172,17.5 



integument 





Dermal lamina, 7 7 1 
Dermal papilla, 217 

Dermis 
eye, 260 

histology principles, 5 

87, 88, 89, 90, 97, 92, 93, 94, 95, 96, 97, 
98, 101, 105 , 106, 107, 112, 113 , 174, 115 , 116, 117 
aminar dermis, 108, 710, 771 

male reproductive system, 2.74 
nervous system, 55 

perioplic dermis, 108, 7 10 

DescemeOs membrane, 245, 247, 257, 252, 254, 255 
Diencephalon, 200 
Dicstrus, 222, 223, 230, 239 

Diffuse lymphatic tissue 

eye, 255 

lymphatic system, 69, 72, 73, 74, 75, 76, 77, 78 
Diffuse placenta, 222, 234, 235 

Digestive system, 1 1 9-161 

A cell, 155, 756, 767 
abomasum* 120, 139-141 

acinar cell, 755 
acinus, 1 5 5, 156, 161 
adipose cell, 744 

adipose tissue, 724, 727, 130, 132 , 755, 759, 148, 149 
adventitia, 119, 132, 133, 154 
alveolar bone, 722, 123 

a me 1 o b 1 ast, 

anal canal, 120* 149, 151 
anal gland, 120, 149, 150 
anal sac, 120, 149, 150 
anastomotic arret} 7 , 755 
apocrine tubular gland, 150 
arteriole, 734, 141 
artifact, 143 

attachment epithelium, 725 

Auerbach's plexus, 746 

B cell, 755, 156 , 161 

basal cell, 158 
basal striations, 72# 
bile canaliculus, 121* 752 
bile duct, 752* 755 

binucleate hepatocyte, 1 53 
blood vessel* 723, 730, 757 
Brunner’s gland, 120* 747, 743, .74.5 
canal of Hering, 121 
capillary* 734, 755, 76.7 
capsule of Glisson, 120, 121, 1 53 
cardiac gland, 736, 737, 739 
cardiac gland region, 120, 736' 
cardiac sphincter, 7.57 

cccal band, 121, 148 
cecum, 120, 747, 74#, 759 
ccmentum, 725 
central lacteal, 742, 746 
central vein, 152, 153, 161 
centroacinar cell, 755, 756 
cheek, 722 

chicken, 121, 756-76.7 

chief cell, 120, 137, 138 , 139, 140, 158 
circumanal gland, 120, 749, 150, 151 
circumvallate papilla, 119, 726' 
classic lobule* 120 
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I vc system 





cloaca, 121, 
colon, 120 

columnar epithelium, 136 , 146 

conical papilla, 127, 135 
connective tissue (band of), 134, 135 

connective tissue (coat of), 130 

connective tissue (core of), 126 , 727 
connective tissue (papilla of), 122 , 
connective tissue (partition of), 153 
connective tissue (septum of), 155 




, 125, 126 , 133 , 137 





crop, 
c r y p t 






120, 121, 141 , 143 , 
148, 149, 1.50 , 151 , 259, .260 




, 1 45 , 1 4 6 , 



cystic 




:t, 755 



dark cell, 754, 755 

dark zone, 120, 138 
dental lamina. 






dental pad, ,724 
dental papilla, 722, 723 

dental pulp, 723 
dental sac, 

dentin, 123 

d enti n oe n a me 1 j u nc tio n, 123 

duct, 122, 126 , 130 , 131, 132, 143, 156 

duodenum, 120, 121, 141, 142, 143, 144, 145, 15.9 

, 131 , 136 







enamel, 123 

enamel epithelium, 122, 123 

space, 123 
eosinophil, 146, 147 

epidermis, 749 
epithelial cell, 139 

epithelium, 119, 723, 730, 746', 154 

erythrocyte, 161 

esophageal gland, .737 

esophagus, 119-120, 121, 131, 132 , 733, 136, 157 

externa! anal sphincter, 14.9, 150 
fiber bundle, 123 
filiform papilla, 119, 725, 127 
ate 

f o r esto m a ch , 1 2 0 





f i.i u d i 



ic 




, 137, 138 , 139 



fun die gland region, 120, 736, 137, 133, 139, 140 
fungiform papilla, 119, J25 

r, 121, 154 
gastric furrow, 120, 141 







gastric pit (foveolae), 120, 737, 733, 739, 140, 141, 158 

gingiva, 723 

gland cell, 157, 158 

glands of the anal sac, 120 

glandular stomach, 120 

globular leukocyte, 740, 144, 146 



goblet cell, 120. 121, 

153, 154, 155, 156 




, 742, 743, 146, 147 , 743, 757, 




hair follicle, 
hard palate, 724 
hepatic artery, 752 




hepatocyte, 




, 121 , 




, 753, 161 



hepatoid gland, 1 20 




cor 




1 6 0 






753, 156 



horn tubule-like structure, 124 
h y a 1 i ne 

ileum, 120, 121, 747, .259 
intercalated duct, 121, .723, 129, 
intercellular space, 757 

interlobular connective tissue, 127, 128, 129 , 130 
interlobular duct, 121, 727, 7.30, 755 

intestinal absorptive cell, 742 
intestinal lumen, 146 
intestine, 121 



intralobular 
islet 





722, 727 
s, 121, 755, 756 



jejunum, 120, 121, 746, 147 

keratinized cell, 134 
keratinized epidermis, 151 

um. 1 50 





id, 753 




Kupffer cell, 753 

labial gland, 

lamina propria, 119, 723, 124 , 131, 132 , 733, 134, 135, 
136, 737, 138, 739, 140, 141, 142, 144, 146, 147 , 743, 
749, 757, 754, 157, 158 



1 a m i 



ina sii 




120, 7 33, 




large intestine, 120, 121, 759 
light cell, 754, 755 

zone. 120, 757 




lingual salivary gland, 726, 727 

Up, 722 

liver, 120, 121, 752, 753, 154, 7 67 
lobule, 127, 752, 161 
loose connective tissue, 724 

, 737, 747, 743, 160 

I y m p hati.c tissue, 7 5 9 

lymphatic vessel, 734, 136, 152 
lymphocyte, 740, 142, 744 
lymphoglandular ridge, 7 60 

m a m m als , 11 9- 1 2 1 , 7 2 2- 







margo plicatus, 1.37 
Meissner’s plexus, 746 
me s ot helium, 7 5. 
mitotic figure, 747 

mixed gland, 120, 724, 750, 737, 732, 736 
mucosa, 119, 753, 73.9, 744, 145, 747, 148, 149, ISO, 
154 



mucous acinus, 722, 723, 72. 9, 130, 154 

mucous gland, .1.20, 724, 727, 757, 732, 733, 144 , 757 
mucous neck cell, 733 
mucous precursor, 139, 140 
muscle, 127 

m u scl c band, 743 

rauscularis, 754, 755 

muscularis externa, 119, 131, 132, 133, 734, 7.55, 136, 
138, 139, 140, 141, 14.3, 144 , 145, 146 , 747, 743, 749, 
750, .757, 753, 159 

muscularis mucosae, 1 19, 737, 732, 733, 735, 736, 737, 
733, 759, 740, 747, 743, 14.5, 746, 1.47, 1.48 , 749, 757, 
759 

nerve, J45 
odontoblast, 723 
omasum, 735, 736 
oropharynx, 119, 130, 131 




pacinian corpuscle, 121 

palatine bone, 124 
pancreas, 121, 155, 156 , 161 
paneth cell, 144 
papilla, 119, 136 

parietal cell, 120, 137, 138 , 139, 140 
parotid gland, 127, 128 
periodontal ligament, 123 

Peyer’s patch, 120 
plica (folds), 757 

pore, 157 

portal tract (area), 120, 153 
portal vein, 152 , 153 

precentrum, 123 

predentin, 723 
primary duct, 157 

proctodeum, 160 

proventriculus, 121, 157, 158 

pyloric gland, 140 , 142 

pyloric gland region, 120, 140, 141 

rectoanal junction, 149, 150, 151 
rectum, 120, 149 

reticular fiber, 161 

reticulum, 134 a 135 
rumen, 134 

salivary gland, 121, 156 
sebaceous gland, 122 , 150 , 357 
secondary duct, 157, 158 
secretory unit, 128, 143 , 144 s 145 
sensory cell, 125 

serosa, 1 19, 133 , 138 , 140, 143, 145, 147, 148 1 152, 157, 
159 



serous acinus, 122 * 128, 129, 154 
serous demilune, 722, 128, 129 , 130 
serous gland, 127, 144 

simple columnar epithelium, 137, 139, 140, 151, 160 

sinusoid, 120, 152, 153, 161 

skeletal muscle, 122, 125 , 327, 130, 132, 133, 151, 160 
small artery* 148 

small intestine, 120 

smooth muscle, 733, 73#, 1.60 

soft palate, 724 

space artifact, 723., 127 

spine, 725 

spiral colon, 749 

stellate reticulum. 722, 723 

stomach, 121, 134 

stratified squamous epithelium, 1 19, 722* 124, 126, 127, 
130 , 131 , 132, 133 , 134 , 135 , 136, 137, 150 , 751, 756, 



757, 160 



stratum basale, 124 

stratum compac turn, 120, 138, 747, 146 

stratum comeum, 124 

stratum gnuiulosum, 120, 722, 138, 1 41, 151 

stratum intermedium, 123 



stratum spirtosum, 724, 725 

striated border, 120, 142, 144 , 148, 149 * 754 

striated duct, 128 , 729, 130 

sublingual gland, 130 
submandibular gland, 72#, 129 

submucosa, 119, 120 , 124 , 131, 132, 133, 134 , 135 , 137, 
138 , 139, 140, 141, 143, 144 , 745, 746, 747, 148, 749, 
757, 158, 159 



sukus, 121, 757 
supporting cell, 725 
surface epithelium, 35# 
surface mucous cell, 138 , 740, 742 

taenia eeci, 120 

taenia coir, 120, 148, 149 

taste buds, 119, 121, 725, 126, 156 * 757 

tertiary duct, 757, 158 

tongue, 119, 156 

tooth, 122 , 123 

tubular gland, 120, 160 
tubular mucous unit, 129 
urodcum, 160 

vein, 736, 74# 

ventriculus (gizzard), 121, 158 

villus, 120, 121, 747, 143, 144, 146, 147, 1 59, 160 

Digital cushion, 91, 92 

Digital pad, 86, 87, 97, 92, 706, 7 76 
Dilator, 249 ‘ 

Dilator muscle, 257, 25# 

Diplokaryocyte, 236 

Disseminate portion (pars disseminata), prostate, 204, 2 72. 

273 



Distal convoluted cell, 164 

Distal convoluted tubule, 163, 767, 76#\ 7 73, 3 7 4 

Distal inter phalangeal joint, 26 

Distal phalanx, 106 

Dog 

blood, 30 



bone, 22, 24, 25 

cardiovascular system, 5.9, 60, 62, 64, 65, 66 

cartilage, 20 
connective tissue, J5j 7# 

digestive system, 722, 723, 724, 72#, 129, 130, 131 , 132 , 
136, 137, 138, 140, 747, 742, 743, 746* 347, 148 , 749, 
7 50, 151,1 54, 1 55 
ear, 263, 264, 265, 266 
endocrine system, 195, 197, 198, 199 

epithelium, 10, 11 
erythrocyte, average size, 7, 27 

eye, 249, 250, 251, 252, 253, 254, 255 

female reproductive system, 225, 226, 117, 229, 230, 232 , 



233, 234 , 236, 237, 23 #, 239 
integument, ##, 91, 93 , 9#, 99, 700, 703* J06 
lymphatic system, 73, 74, 75, 77, 78 , 79, #3, 82 
male reproductive system, 207, 210, 212 , 213 
muscle, 43 

nervous system, 46, 48, 50, 51 
respiratory system, 178, 179, 181, 184 

separation (space) artifact, # 

stain precipitate, 8 

urinary system, 166, 167, 769 
Dorsal plate, 117 
Dorsal r o ot ga nglion, 50, 5 1 * 5 5 
Down feather, 87 

Drying specimen on warmer, 2, 3 



D u ct 

alveolar, 176, 183 
bile, 752* 153 
cochlea, 262, 266 
cochlear duct, 262, 266 
collecting duct, 174, 260 
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:onnccring duct 

cystic duct, 155 
digestive system* 122, 

ear, 263 

latory duct, 205 



canal L 




* 217 , 







, 132, 143 . 156 




of epididymis, 204, 205 
cvc, 255 







,2/9 



female repr 





, 238 s 243 

duct, 121, 128 , 129 . /50, / 55, 156* J79 






, 102 , 121, 127, /.If), 155 



intralobular duct, 92, 102, 122, 1 2 2 2 

male reproductive system, 212, 21 j 

163, 269, 170, f 71 







primary duct* 87* 118, 157 
respiratory system, 179 
secondary duct, 157* 158 

semicircular duct, 262, 
striated duct, 128, 129 3 





t 1 79 

of sweat gland, 90, 9.1, 92, 95, 1 
tertiary duct* 157, I5S 





Ductus 




i (vas deferens)* 





7 




212. 229 



Duodenum, 120, 
Dura mater, 46 




1, 141 





144, 145 * 259 



Ear, 261-267 
adipose tissue, 163 
ampulla, 262, 265 
annular ligament, 264, 265 
articular cartilage, 26'4 
basilar membrane, 262, 26 6, 267 
blood vessel, 267 
bone, 265 
capillary, 267 
cartilaginous frame, 267 
ceruminous gland, 263 

chicken, 2 62,267 
cochlea, 266, 267 

cochlear canal, 262 
cochlear duct, 262, 266 

cochlear nerve, 266, 267 

columella, 262 

connective tissue, 265 
crista ampul laris, 262, 265 
cupula, 265 



dark cell, 267 
duct, 265 

elastic cartilage, 265 
elastic fiber, 264 

endolymph, 262 
endolymphatic space, 267 

epidermis, 265 

external auditory meatus, 26 I, 262* 263, . 
external ear, 26 3 

nerve. 






foorplare, stapes, 264 

gelatinous cupub, 262 

guttural pouch, 265 
hair cell, 267 
hair follicle, 265 



- 





hd icotrema 



homogeneous cell. 

incus, 261, 264 

imitT tunnel, 266 

-■dp .* 

internal ear, 261* 262 

lagena, 262 





igament, 264 
light cell, 267 



ae, 262. 265 




us, 261, 




mammals, 261-262, 263-266 



m c m 



m 










car, 261,262 



middle-ear ossicles, 261 
mixed gland, 265 
modiolus, 262, 266 
organ of Corti, 262, 2 66, 267 

osseous spiral lamina, 262, 266 




otolith {otoconia, statoconia), 262 
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perilymph, 262 
perilymphatic space 
pigment granule* 

pinna (auricle)* 
p sc udo stratified e 

raphe, 267 

sacculus, 262, 264, 265 

media, 267 

rympani, 262* 




i urn. 





s 






sea la vesti 




i 



262 



I 




267 





semicircular canal 
semicircular duct* 

, 265 
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sensory 




sensory hair cell, 262 




spiral ganguon 



spira 









1 



2 6 6 




spi 

spiral 




, 262, 






261, 264 y 265 



stereocilia 












cell, 262. 265. 2h~ 



at cavity, 264 







! 




tegmentum, 262 

tegmentum vasculosum, 262, 26^ 






265, 26 6 



tubular ceruminous 





1 




a me cavity* 





m e i n 



Ty 





b ra n c 



1 cell, 265 
, 262, 264 



, 263 
, 261 - 





' 






vestibular (Rcissners) 

vestibule, 262, 264 
Efferent arteriole, i69 





266 








209,217,218, 



Ejaculatory duct, 205 
Elastic band, 182 s 1S4 
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Elastic cartilage, 1 9, 20, 98, 176, 179 T 254, 263 
Elastic fiber 

cardiovascular system* 61, 6 4 

cartilage, 20 

connective tissue, 13, 75, IS 
digestive system, 131, 136 

car, 264 

eye, 250, 25# 

integument, 97, /04 

lymphatic system, SO, 8 1 
male reproductive system, 2/5, 2/6 
resorcin fuchsin (Orcein and Weigerrs) stains for, 3 
respiratory system, / SO, 181, 183, 188 
Elastic tendon, 114 
Elastic tissue, 14, 18 
Ellipsoid, 70, 79, 80 

Embryonal connective tissue, 14. See also Connective tissue 
Enamel epithelium, / 2.2, 723 

Enamel space, !23 
Endocardium, 58, 64 

Endochondral (incracartilaginous) bone, 21, 22, 24 
Endocrine system, I 9 1-202. See also Digestive system; Fe- 
male reproductive system; Male reproductive system 
acidophil (alpha cell), 19! 5 193, 195, 196, 201 
adenohypophysis, 191, 193 

adipose tissue, 797, 202 
adrenal cortex, 192 
adrenal gland, 192, 19 9 f 200 

adrenal medulla, 192, 199, 200 , 202 

basophil [beta cell), 191, 796, 20? 
blood vessel, 795 

capsule, 199, 200 201,202 

caudal region, pars distalis, 193, 200, 201 
cavity of Rarhke’s pouch, 191, 192, 194, 195 
cephalic region, pars distal is, 193, 200 
cerebellum, 207 

chicken, 193, 200-202 
chief cell, 192, 198,202 

chromaffin cell, 200 

diromophil, 191,200 
chromophobe, 191, 195, 196,200 
cilia, 198 
ciliated celt, 201 

colloid, 197, 198, 200 

cortical cell, 202 

cortical (interrenal) tissue, 193 

cyst, 198, 200 

dark cell, 19# 

dark principal cell, 192 
dicnccphalon, 200 
ependymal cell, 194 
epithelioid cell, 299 

erythrocyte* 198 

fiber of neuroglial cell, J 97 
follicle, 192, 794, 195, 197 , 198 9 202 

ganglion, 799, 200 , 202 

granulocyte, 207 

Herring body, 1 92 
hypophyseal cavity, 192 
hypothalamus, 192 

infundibular cavity, 192, 7 94, 195, 796, 200 
infundibular stalk, 192, 193, 194, 196, 200, 201 



light cell, 192, / 9fi 
mammals, 191-192, 794-200 

median eminence (ventral boundary of third ventricle), 

1 92, 1 93, 7 94 

medullary (chromaffin) tissue, 193 

mucous cell, 207 

neurohypophysis, 191, 192, 193 

oxyphilic cell, 192 

parafollicular (C) cell, 192, 797 

parathyroid gland, 192, 193, 297, 198 

parenchyma cell, 191, 192, 193 

pars distal is, 191, 193, 794, 195, 196,200,201 

pars intermedia, 191-192, 194, 195 

pars nervosa, 192, 194, 7 95, 200 

pars tu beta I is, 192, 193, m, 795, /96, 200 , 201 
pineal gland (epiphysis cerebri), 192, 193, 1 97, 201, 202 
pineal stalk, 7 97 
pinealocyte, 1 92, 797 
pituicytc (neuroglial cell), 192, / 97, 207 
pituitary gland (hypophysis), 191-192, 3 93, 7 94, .795, 
196 , 200,201 

principal (chief) cell, 192, 198 , 202 
Rathke’s pouch, 191, 192, 794, 795 

rosette, 202 

sinusoid, 191, m, 198, 199, 200 , 201, 202 
skull, 200 f 201 
space artifact, 198 
stroma, 79# 

thyroid gland, 192, 193, 197, 198 
rrabccula* 192 
vestigial cavity, 192 

zona faseiculata, 192 s 799 , 200 

zona gktmcrulosa (zone multiformis), 192, 19 9, 200 

zona intermedia, 192, 799, 200 
zona reticularis, 192, 799,200 
Endo lymph, 262 
Endolymphatic space, 267 
Endometrial epithelium, 233 
Endometrial gland, 229, 230, 231 
Endometrial tissue, 233 
Endometrial (uterine) gland, 222, 234, 235 
Endometrium, 222, 235 
Endomysium, 41, 42, 43, 44 
Eiidoncurium, 52 
Endosteum, 21, 25 

Endothelial cell 
bone marrow, 40 
cardiovascular system* 59, 60 
integument, 99, 1 1 4 
lymphatic system, 77, 78, 79 
Endotheliochorial placenta, 222, 232, 233 , 234 
Endothelium, 57, 67, 2 74 
Eosin (H&E) stains, 3 

Eosinophil 

blood, 28, 29, 30, 31,32, 33, 34, 35, 36 

bone marrow, 40 
connective tissue, 13, 15, 16, 17 
digestive system, 746, 747 
Eosinophilic band cell* 39 
Eosinophilic myelocyte, 39 
Ependymal cell, 7 94 
Epkardlum, 58 
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Epidermal lamina* 111 
Epidermal peg* 88, 115 
Epidermal spine, 2 14 
Epidermis 

digestive system, 149, 151 




3 





eye, 255, 256 , 260 

histology principles, 8 

integument, 85, 87, 89, 

102, 103 , 104 T 105 , 106, / 

keratinized epidermis, 151 
male reproductive system, 2/6 
nervous system, 55 
penoplic epidermis, 110 
respiratory system, 185 

, 210 , 



92, 94 , 95, 97, .98, 99, 101, 




J 







14, 115 s 118 



Epididymis, 204, 205, 
Epiglottis, 73, 1 76, 1 79 
Epimysium, 41 

Epin curium, 51 







isc, 21, 22, 23 

Epiphysis cerebri (pineal gland), 192, 193, 197, 201, 202 
Epithelial cell, 139 
Epithelial tuft, 71, 84 

Epitheliochorial placenta, 222, 234, 235, 236 
Epithelioid cell, 63, 199 
Epirhelium* 9-11. See also Columnar c 

mm: 






minis epithelium* Transitional epithelium 

basal cell, 10 



basement (glassy) membrane, 9, 10 





11 , 104 



1 




ciliated pseudo stratified columnar epithelium, 10, 

columnar epithelium, 9,10 
connective tissue, 70 
crypcal epithelium, 236 
cuboidal epithelium, 9, 70 
dermis, I 1 

esophagus, lumen, / 0 

goblet cell, 10 
hcpatocyce, 10 
keratinized cell, 1 1 
amina propria, 10 
lymphocyte, 10 
pseu dost ratified columnar e 
simple epithdia, 9, 
smooth muscle, 10 s 11 




* 





ium, 9, 10, 175, 224, 





squamous e 




mm. 




70 



stratified columnar epithelium, t L 188, 214 , 253 

stratified epithei ium, 9, W, 11, 237 




squamous e 




iu 








. 11 



striated border, JO 
transitional epithelium, 9, 1 1 

Erectile tissue (corpus eavernosum 

Ergot, 87 

ast 3 40 

Erythrocyte (red blood cell) 
average size, 7, 27, 28 
bone marrow* 37, 39* 40 
cardiovascular system, 59, 60, 61, 67 
connective tissue, 15 
c re n a ted erythrocyte, 27„ 






27-29, 30, 35, 36 

digestive system, 161 
endocrine system, J98 





system, 238, 243 



m tegument, 




, 114 



lymphatic system, 78, 8 > 




proerymrocyte 



vtc, 3 7 





184 , 189 



urinary system, 1 71, / 






* 121, 131, 132 , 133 , 136 , 157 



respiratory system, 
Estrous cycle* 222, 223 

Estrus* 222, 223, 230 * 

1 





■ 






238 

duct), 205, 217, 





tendon, 26 
anal sphincter, / 49 








auditory meatus, 261, 262, 

ear, 261 

elastic membrane, 6 / , 62 



-root 







Extracellular matrix, 13 




' primary bronchi, 176, 17 J , 
rete testis, 204 




Extrinsic muscle* 260 

Eye, 245-260 



acinus 



5 




annular 





1 



257 



annular pad, 247 



anterior c 




* 245, 249, 250 , 254 , 257 



anterior epithelium, 245, 252 

vessel, 253, 259 
Bowman’s membrane, 245, 24 







conjunctiva, 247, 249* 250, 251 
canal of Sehlemm* 248, 257 
capillary, 254, 259 

* 247, 257 




, 254 














cavity of vitreous humor, 245, 257 

246 

chicken, 247^48, 257-260 
choriocapillarv layer, 246* 253, 254 , 259 

choroid, 245, 246, 247, 249, 252 

ciliary body, 245* 246, 247, 250 , 









246, 249, 250 

ciliary process, 246, 249, 250 

collecting duct, 260 

cones, 253, 254, 











249, 250, 251, 252, 254, 257* 258 



corneal stroma, 252 





mesh work, 246 




3 





corpora nigra (iris granule), 246 
corpus nigrum, 
covering membrane, 247* 259 

, 247, 257 






plasm ic 
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dermis, 260 

DescemeFs membrane, 245, 24", 25 / , 252, 254, 258 
diffuse lymphatic tissue, 255 
dilator, 249 

dilator muscle, 257, 25S 
duct, 255 

elastic cartilage, 254 
elastic fiber, 250, 258 

epidermis, 255, 2.56, 260 
extrinsic muscle, 260 

eyelid, 247, 248, 255, 256, 260 

feather follicle, 260 

fibrous tapetmn luridum, 246 

fibrous runic [corneoscleral layer}, 245 

filtration angle, 246, 247-248, 24% 250, 25 l t 257 

fornix of conjunctiva, 247, 256 

ganglion, 253 , 254, 259 

germinal zone, 250 

goblet cell, 255 

hair follicle, 255 , 256 

harderian gland, 247, 248, 256, 260 

Herbst corpuscle, 260 

hyaline cartilage, 255 

inner limiting membrane, 253 
inner nuclear layer, 255, 254 „ 259 
inner plexiform layer, 255, 254, 259 
interlobular connective tissue, 256, 260 
intralobular duct, 256 

iris, 245, 246, 247, 24% 250, 251 , 252, 257 , 258 

Krause’s gland, 256 

lacrimal gland, 247, 248, 256 , 260 

lamina cribrosa, 247, 253 

lens, 245, 247, 249, 250, 257 

Jens body, 247, 257 

lens capsule, 250 

lens epithelium, 245, 250 

lens fiber, 245, 250, 257 

limbus, 246, 249, 250, 251 

lipid vacuole, 258 

loose connective tissue, 259 
mammals, 245-247, 249-256 
melanocyte, 251, 252 , 253 , 254 , 259 

mucous acinus, 255 

myoepithelial cell, 249, 252 

nerve fiber, 255, 254, 259 

nictitating membrane, 247, 248, 254, 255 

non pigmented epithelium, 252, 257, 255 

optic disc, 247, 249, 255 

optic nerve, 249, 255, 259 

ora ciliaris retinae, 246, 249, 252 

ourer nuclear layer, 253 , 254, 259 

outer plexiform layer, 253 , 254 , 259 

palpebral conjunctiva, 247, 249, 250 251, 255, 256 

pars ciliaris retinae, 246, 249, 250, 252 

pars iridica retinae, 246, 249 

pecten, 247, 259 

pectinate ligament (uveal mesh work), 246, 247^ 250, 2 51, 

254 , 257, 258 

photosensitive retina, 246 
pigmented columnar cell, 246 
pigmented epithelium, 25?, 253, 2 5 4 , 257, 258 , 259 
pigmented myoepithelial cell, 246 



plasma cell, 260 

posterior chamber, 245, 249, 250 , 257 
posterior epithelium, 245-246, 252. 258 
pupil, 246, 249 

retina, 245, 246-247, 247, 24% 252 . 253 f 254 , 259, 260 
retinal tunic, 245 
rods, 255, 254, 259 

sclera, 245, 247, 249, 250, 251, 252, 253, 254, 256, 257, 

258 

scleral cartilage, 247, 257 \ 258, 259, 260 
scleral ossicles* 247, 257* 258 
scleral trabecular mesh work* 247-248, 257 
sclera! venous plexus* 246, 249, 250 
sebaceous gland [glands of Zeiss), 247, 256 
secretory tubule, 260 

serous acinus, 255 

skeletal muscle, 256 

smooth muscle, 256 

space artifact, 252, 258, 259 

spaces of Fontana, 246, 248, 250, 25 L 257 

sphincter (constrictor) muscle, 246, 249, 25?, 257, 258 

squamous epithelium, 258 

strain, preventing, 6 

stratified columnar epithelium, 255 

stratified squamous epithelium, 255, 258 

stroma (substantia propria), 245-246, 246, 251, 2 52, 258 

superficial gland of nictitating, 247, 255 

suprachoroid layer, choroid, 246 

sweat gland (glands of Moll), 247, 255, 256 

ta petal cell, 254 

tape mm lucidum, 246, 249, 255, 254 
tarsal (Meibomian) gland, 247, 255, 256 
tarsus, 247, 255, 256 
trabecula, 246 

uveal trabecular meshwork, 246, 251 

vascular layer, choroid, 246, 250, 253 , 254 
vascular tunic (uvea), 245 
zonular fiber, 245, 246, 249, 251 , 257, 258 
Eyelid, 247, 248, 255 , 256, 260 

Facial nerve, 264 

Fat cell (adipocyte), 13, 17, 18 

Feather follicle, 112, 114, 1 18, 260 

Feather integument, 87 

Feather muscle, 87, 7 72, 113, 114 

Feather pulp, 87, 772, 11 3 

Feather sheath, 112, 7 73 

Female reproductive system, 221-243 

adipose tissue, 228 

adventitia, 222-223, 237 
albumen, 242 

allantoic blood vessel, 232, 233, 234, 235, 236 

allantoic epithelium, 23 2 

ampulla, 222, 228 
anestrus, 222, 223, 229, 237, 238 
antrum, 221, 225, 226 
apical cell, 243 

artery, 230 
atresia, 222 

atretic follicle, 223 , 240 

basal cell, 243 
blood vessel, 231, 243 
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Female reproductive system ( Continued ) 
caruncle, 222, 23 1 
cavernous space, 237 
cervix, 222, 236 
chicken, 223-224, 239-243 

chorioallantoic connective tissue, 233 

chorioallantoic membrane (CAM), 222, 232, 234, 233 

chorioallantoic villus, 234, 135 , 236 

chorion laeve, 232 , 234 

cilia, 228, 231 , 236 

ciliated cell, 242 

ciliated epithelium, 24 J 

circular muscle, 229 

clitoris, 223 

cloaca, 240 

columnar cell, 237, 23 5 

columnar epithelium, 222, 228, 229 

corona radiata, 222, 225 

corpus albicans, 222, 226 

corpus luteum, 222, 225, 227 

cortical stroma, 22 I 

cotyledonary placenta, 222, 235, 236 

crypt, 234, 235 r 236 

cryptal epithelium, 236 

cuboidal epithelium, 221, 222, 229 1 2 1 ! , 235 

cumulus oophorus, 222, 225 

cy tot ropho blast, 233 

deciduate, 222 

deep glandular layer, 232 

diestrus, 222, 223, 230, 239 
diffuse placenta, 222, 234 , 235 
dip lokaryocyte, 236 

duct, 237, 238 , 243 

endometrial epithelium, 233 
endometrial gland, 229, 230, 231 
endometrial tissue, 233 
endometrium, 222, 235 

endotheliochorial placenta, 222, 232, 233, 234 
epitheliochorial placenta, 222, 234, 235, 236 
epithelium, 242 

erectile tissue (corpus cavernosum clitoridis), 223 
e r y t h ro cy te , 23 8 , 2 43 
estrous cycle, 222, 223 

estrus, 222, 223, 230, 237, 238 
folds, 222, 224, 227, 228, 229. 241 , 243 
follicle, 221, 225, 239, 240 

germinal epithelium, 221, 226 
germinal vesicle, 223 
glands, 241 , 242 
glandular epithelium, 243 
glandular groove, 241 
glans, 223 

goblet cell, 222, 224 
granulocyte, 239 
granulosa cell, 225 , 226 , 227 
hematoma, 232, 234 
hemorrhagic region, 231 
high columnar cell, 235 
hilus cell, 227 

hypertrophied theca cell, 226 

indeciduate, 222 

infundibulum, oviduct, 222, 224, 227* 128, 240 , 241 



intercotyledonary endometrium, 235 
intermediate cell, 223, 238, 239 
interstitial cell, 223, 240 
interstitial gland, 221, 226, 227 
isthmus of oviduct, 222, 224, 129 , 240, 242 
keratinized cell, 237 
labia. 223 

labyrinthine surfaces* 222 
lamina propria, 222, 228 , 236, 237, 241 
longitudinal muscle, 2 29 
low columnar walls, 235 
magnum, oviduct, 224, 240 , 241 , 242 
mammals, 22 1-223, 225-239 
maternal blood vessel, 233, 234, 235 
medulla, ovary, 221, 223, 225, 239 

mem bran a granulosa, 221, 223, 22 3, 226 r 240 
mesometrium, 230 

metestrus, 222, 223, 231 
micro pi a ce n to me, 234 

mucosa, 222-223, 24 1 

multi laminar (late primary) follicle, 22 I 

muscularis, 222-223. 224, 225. 237, 24/, 242, 243 
myometrium* 222. 229. 230. 231, 2 \2, 235 
neutrophil, 235, 239 

oocyte, 221, 223, 225, 239 , 240 

ovarian cortex, 221 , 223, 225 

ovaries, 221-222, 223, 225, 226, 227, 239 , 240 

Oviduct, 222, 224, 227, 223, 229, 240, 241, 242, 2* 

parabasal celt, 223, 233, 239 

perimetrium (serosa), 222 

peri vitelline membrane, 223, 240 

placenta, 222, 232, 233* 234 , 235, 236 

placental labyrinth, 232, 234 
placenrome, 245 

prepuce* 223 

primary fold, 236, 241 , 243 
primary follicle* 221* 222, 225 
primary oocyte, 22 1 
primordial follicle, 221, 225 

proestrus, 222, 223* 2 29, 238 

pseudosrratified columnar epithelium, 224, 24 ! 

pseudost ratified epithelium, 222, 23/, 242_, 243 
regenerating gland, 241 , 242 
resting gland* 241* 242 
rete ovarii, 22 i t 227 

secondary fold, 236, 241 , 243 

secretory bleb, 22 8 

secretory gland, 241, 242 
serosa, 222-223, 228, 241 
shell gland (uterus), 224, 243 
space artifact, 235 
sperm-host gland* 224* 243 
spongy layer, 232, 234 

squamous epithelium* 221 
stratified epithelium, 237 
stratified squamous epithelium, 236, 237 
stratum vasculare, 222, 229, 230 
stroma* 223, 225 

submucosa, 225 

superficial celt, 223, 238, 239 
superficial intermediate cell. 223. 235. 239 
supragiandular layer, 232 
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s y n de s m oc ho r ia I p lac en ta 

syntrophoblast, 233 

tertiary fold, 236, 241 

ternary (Graafian) follicle, 222, 226 

theca externa, 221-222, 223, 225, 226, 240 

theca folliculi, 221, 225 

theca interna, 221-222, 223, 225, 226, 240 

theca lutein cell, 226’ 
transitional, epithelium, 237 
trophoblastic projection, 233 
tubular gland, 242 
tunica adventitia, 230 
tunica albuginea, 221, 
tunica intima, 230 
tunica media, 230 
urethra, 237 
urethral epithelium, 237 
uterine (endometrial) gland, 222, 234, 235 
uterine horn, 229, 230 , 231 
uterus, 222, 231 , 234, 240, 243 
vacuolar cell, 223, 239 

vacuole, 243 

vagina, 222-223, 224, 237, 240, 243 
vaginal smear, 23 8 , 239 
vein, 230 

vestibular epithelium, 237 

vestibular gland, 237 

vestibule, 223, 238 

vilous surfaces, 222 

vulva, 223 

yolk sphere, 240 
zona pellucida, 221, 225, 226 
zonary placenta, 222, 232 , 233, 234 
Fiber bundle, 123 
Fiber of neuroglial cell, 1.97 
Fibroblast, 13, 14, 15 , 16 , 17 , 18 , 115 

Fibrocartilage, 19, 20 



Fibrocartilaginous cord, 23 6' 
Fibroelastic membrane, 181 
Fibrous astrocyte, 48 

• V • • • ^ 

Fibrous capsule, 26 
Fibrous tapetum lucid um, 246 
Fibrous tunic (corneoscleral layer), 245 
Field of view, microscope, 3, 6 
Filiform papilla, 119, 125, 127 




u m es 



87 




,224, 227 , 228 , 229 , 236, 



Filtration angle, 246, 247-248, 249 , 250 , 251, 257 

Fixation, specimen, 1, 2 
Fluid-filled space, 54 
Focusing tips, microscope, 6 
Fold 

claw fold, 106 
digestive system, 357 
female reproductive system, 

241 , 243 

follicular fold, 100 
histology principles, 8 

integument, 100 , 106 

lymphatic system, 71, 73 
primary fold, 236 , 241 , 243 
respiratory system, 180 

secondary fold, 236 , 241 , 243 



synovial fold, 26 

■■ J 

tertiary fold, 236, 241 
vestibular fold, 73 

vocal fold, 180 



Foliate papilla, 119 
Follicle 



atretic follicle, 223, 240 

compound follicle, 86 

digestive system, 122 , 151 

ear, 263 



endocrine system, 192, 194 , 195 , 197 , 198 , 202 
eye, 255, 256 , 260 
feather, 112 , 114 , 118,260 

female reproductive system., 221, 222, 223, 225 , 226 , 239 , 




integument, 86, 87, 88 , 89 , 95 , 98 , 100 , 101 , 102 , 104 , 
107 , 110 , 112 , 114 , 118 
lymphatic system, 69, 71, 84 

male reproductive system, 23 7 
muhilaminar (late primary) follicle, 221 
primary follicle, 221, 222, 225 
primordial follicle, 221, 225 
single hair follicle, 86 
tertiary (Graafian) follicle, 222, 226 



tonsillar follicle, 69 
Follicular folds, 100 
Footpad, 3 3 7 

, stapes, 264 
For es to nl ach , 120 
Formed elements, 27 
Fornix of conjunctiva, 247, 256 
Fossa, 73 

Fourth ventricle, 48 

Foveolae (gastric pit), 120, .337, 138 , 139 , 140 , 141 , 158 
Frog, hoof, 108, 109 




Fuchs in stains, 3 

Fundic gland, 137 , 138 , 139 




Fu n gif o rm pap ilia, 119, 125 



Gallbladder, 121, 154 

G a ngl ion 

dorsal root ganglion, 50, 53, 55 

ear, 266 

endocrine system, 199 , 200 , 202 
eye, 253 , 254 , 259 
nervous system, 50 , 51 , 55 

parasympathetic ganglion, 53 
spiral ganglion, 266 
Gastric furrow, 120, 343 
Gastric gland, 158 

Gastric pit (foveolae), 120, 337, 138 , 139 , 140 , 141 , 158 
Gelatinous cupula, 262 



Germinal center, 69, 72 

Germinal epithelium, 221, 2 26 
Germinal matrix cell, 86 

Germinal vesicle, 223 
Germinal zone, 250 
Giernsa stain (Romanovsky), 3 
Gingiva, 123 

Gizzard (ventriculus), 121, 158 
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Gland 

of the anal sac ? 120 

digestive system, 15 7, 158 

female reproductive system, 24 i, 242 

integument, 100, 102, 118 

male reproductive system, 211, 212 

Glands of Moll, 247, 255, 2S6 
Glands of Zeiss, 247, 256 
Glandular epithelium, 102 , 243 

Glandular groove, 241 
Glandular stomach, 120 

Gians, 223 

Gians penis, 205, 214 

Glassy (basement) membrane, 9, 10, 86, 101 
Globular (Globule) leukocyte, 14, 16, 140 , 144 t 146 
Glomerular (viscera!) epithelium, 164, 167, 174 
Glomerulus, 164 
Glomus, 63 

Glomus (type I) cell, 67 
Glottis, f 79 
Glycogen body, 54, 55 
Glycogen zone, 87, U 7, 118 

Goat 

blood, 54, 35 

cardiovascular system, 59, 66 

digestive system, 125 , 126 , 127, 155, 136 , IV), 14 1, 145 , 
149 , 153, 154 
ear, 263 

endocrine system, 798 

epithelium, 1 1 

erythrocyte, average size, 7, 27 

eye, 252, 256 

integument, 97, 98 

male reproductive system, 211 

nervous system, 46 

respiratory system, 179, 180, 181 

urinary system, 1 70, 171, 172 
Goblet cell 

digestive sysrem, 120, 121, 130 , 142 , 143 , 146, 147, 148, 
151 , 155, 754, 155, 156 

epithelium, 10 

eye, 255 

female reproductive system, 222, 224 
respiratory system, 175, 176, 1 78, 180 , 7#/, 1 £2 
Gonocyte, 206 

Graafian (tertiary) follicle, 222, 226 

Granular layer, 46, 4# 

Granulocyte 
a granulocyte, 28 

blood, 28, 35 

bone marrow, 38,59 
endocrine system, 201 

female reproductive system, 239 
lymphatic system, 78, 83 
respiratory system, 189 

Granulosa cell, 225, 226 , 227 
Gray matter, 49, 50, 54, 55 
Guttural pouch, 265 

H band, 41, 43 

Hair 

bulb, 86, 94, 95, 97, 99, 101 
cell, ear, 267 



integument, 93, 94, 95, 97, 99, 100 

sensory hairs, 178 
sinus (tactile) hairs, 86, 89, 99 
Hair follicle 

digestive system, 122, 151 
ear, 263 
eye, 255, 256 

integument, 86, 88, 89, 95, 9S, 100, {01 , 102 . 104, 707, 
110 

male reproductive system, 217 
single hair follicle, 86 
Hard palate, 124 

Harder) an gland, 247, 248, 256 , 260 

HassalTs (thymic) corpuscle, 70, 71, 82 
Haversian systems, 21, 24, 25 
H&E (hematoxylin and eosin) stains, 3, 13 
Head of epididymis, 204 
Heart, 58 

Helicine artery, 205, 216 
Heiicotrema, 262 
Hemal node, 70, 78 
Hematoma, 252, 234 

Hematopoietic tissue, 37 

Hematoxylin and eosin (H&cE) stains, 3 S 13 

Hemolymph nodes, 70 

Hemorrhagic region, 231 

Hen. See Chicken 

Hcnle’s loop, 1 64, 769, 170, 2 7/, 274 

Hepatic artery, 152 
Hepatocyte 

binucleare hepatocyte, 153 

digestive system, 120, 12 t, J52* 753, J62 

epithelium, 10 

Hepatoid gland, 120 

Herbst corpuscle, 55, J 15, 160, 260 

Herring body, 1 92 

Heterophil, 29, 35, 56, 40 

High columnar cell, 255 

Hilus cell, 227 

Hilus region, 164 

Histiocyte. See Macrophage 

Histochcmieal procedure, 3 

Histology principles, 1-8, See also Blood; Bone; Bone mar- 
row; Cardiovascular system; Cartilage; Connective tis- 
sue; Digestive system; Ear; Endocrine system; Epithe- 
lium; Eye; Female reproductive system; Integument; 
Lymphatic system; Male reproductive system; Muscle; 
Nervous system; Respiratory system; Urinary system 
acidic (anionic) stains, 3 

artifact (imperfections), 7, 8 
basic (cationic) stain, 3 
basophilic substances, 3 
binocular microscope, 6 

centering slides, 3, 6 

chicken erythrocyte, average size, 7, 28 

clearing, 1, 2 

coverslippin g, 2, 3 

crackling artifact, 8 

dehydration, 1,2 

dermis, 8 

dog erythrocyte, average size, 7, 27 
drying on warmer, 2, 3 
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eosiii (H&E) stains, 3 
epidermis, 8 

erythrocyte, average size, 7, 27, 28 

eye Strain, preventing, 6 

field of view, 3, 6 

fixation, t, 2 
focusing rips, 6 

folds, 8 

fuchsin stains, 3 

goat erythrocyte, average size, 7, 27 
hematoxylin and eosiii (HftcE) stains, 3 
histochemical procedure, 3 
immtinohistochcmical procedure, 3 
infiltration, 1,2 
knife marks (scratches), 8 
Kohler illumination, 6 

lake, 3 

lighting tips, 6 
methylene blue stains, 3 
microscope use tips, 3-6 
mordant, 3 

paraffin procedure, 1,2 
pointer in ocular, 3 
relocating structures, 6 

resorcin fuchsin 1 Orcein and Weigcrfs) stains for elastic 

fiber, 3 

Romanovskv (Wright's and Giemsavs) stains for blood and 
hone marrow, 3 

section (specimen) interpretation, 3, 4-5 
section (specimen) preparation, 1-3, 2 
sectioning with microtome, 1, 2, 3 
separation (space) artifact, 8 

silver stains for reticular fiber and nervous tissue, 3 

stain precipitate, 8 
staining, 2, 3 
roluidine blue stains, 3 
transferring sections to slide, 2 f 3 

trichrome (Mallory's and Masson's) stains for collagenous 

fiber, 3 

verniers, for relocating structures, 6 
waterbath, straightening sections on, 1, 2, 3 
Homogeneous cell, 267 
Hoof (horse), 87, 108, 109-112 
HookleE, 87 

Horn, 87, i07 
Horn tubule 
digestive system, 124 
integument, 107, 1 10 , 111 , 112 
Horse 

blood, 3i, 32 
bone, 22, 26 

cardiovascular system, 63, 67 
cartilage, 20 
connective tissue, 17 
crackling artifact, 8 

digestive system, 125 , 127 T 128 , J 32, 137, 139, 144 , 147, 
148 f 151 , 152, 153, 155 
ear, 265 

endocrine system, 195, 196, 198 , 199 
eye, 250, 251, 254, 255 

female reproductive system, 227 T 228 , 229 1 230. 234, 235, 

236 



hoof, 87, 10 S, 109-112 

integument, 89, 95, 96, 100, 104 , 105 , 107 

knife marks and folds, 8 

lymphatic system, 74, 75, 76, 77, SO 

male reproductive system, 207, 2 OS, 209, 2 /0, 214, 215, 

2/6, 217 
muscle, 42, 44 
nervous system, 53 
respiratory system, 180 , 184 
urinary system, 16*9, ?69, 172 
Humerus, 189 

Hyaline cartilage, 19, 20, 21, 22, 156, 176, 180, 181 , 182, 

255 

Hydroxyapatites, 21 
Hypertrophied rheca cell, 226 
Hypophyseal cavity, 192 

Hypophysis (pituitary gland), 191-192, 193, 194, 195, 196, 

200, 201 

Hypothalamus, 192 

I band, 41, 43 

Ileum, 120, 121, 147, 159 

Immature bone, 21, 22 
lmmunohistochemical procedure, 3 
Imperfections. See Artifact 
Incus, 261, 264 

lndeciduare, 222 

Infiltration, 1, 2 

Infraorbital pouch, 101 

Infundibular cavity, 192, 194 , 195 , 2% 200 

Infundibular stalk, 192, 193, 1.94 , 196. 200, 20/ 

Infundibulum, oviduct, 222, 224, 227, 228, 240, 241 

Inguinal pouch, 102 

Inner core, 54 

Inner limiting membrane, 253 
Inner nuclear layer, 253, 254 , 259 
Inner pfexiform layer, 253, 254, 259 
Inner root sheath, 86, 96, 98, 99, 100 
Inner tunnel, 266 
Integument, 85-1 1 8 
adipose tissue, 97, 98 t 115 , 1 16, 118 
air space, 213 
annular sinus, 99 
ar rector pili muscle, 86, 94 

axial blood vessel, 1 12 

bar, hoof, 10S, 109 
barb, 87, 112 
barb stem, 113 
barbate, 87, 113 

basal eel!. Ill, 118 
basal layer, 87, 114 
basement (glassy) membrane, 86, !01 
beak, 87, 115 

bistratified columnar epithelium, 104 , 105 

histratifkd l cuboidal epithelium, 104, 105 

blood vessel, 98, 104 , 105,111 . 115 

bone, 115, 117 

bone, P3, 1 10, 111 

bulb, hoof, 108, 109 

calamus (quill), 87, 113, 1 14 

capillary, 98, 100 

carpal gland, 101 



INDEX 




central layer, 118 
chestnut, 87, 107 
chicken, 87, 1 12-118 

claw, 87, 106 , 117 

claw fold, 106 
clear cell, 101 
c o 1 la ge n o li a band, 104 
collagenous fiber, 97 

comb, 87, 1 14, 115 









connective tissue, 103 
connective tissue (capsule of), 1 1 7 

connective tissue sheath, 96, 98, 99 
contour feather, 87 



corneous cell, 112 

coronary region of hoof, 108, 109, J 10 
corpora am y I a ce a , 102, 1 03 
cortex, hair, 86, 96 , 98 
cuticle, 86, 96 
dark cell, 101 

dartos muscle, 97 



dermal (leather) papilla, 85-36, 86, 8 7 88, 90, 96, 107, 

110 , 122, 125 



dermal lamina, 111 
dermis, 85, 37, SS, 89 




. 9 1, 92, 95, 94, 95 





digital 

digital 




dorsal 






, 117 

87 



duct of sweat gland, 90, 9l t 92, 98, 100 , 202 

elastic cartilage, 98 
elastic fiber, 97, 104 
elastic tendon, 114 
endothelial cell, 99, 114 





i 



* 




"i 



112 



epidermal lamina, 111 



epidermal peg, 




, 115 



97, 98 



*« 



, 105 r 106 , 207, 2 12, 1 13 f 1 14, 1 15, 116 , 127 

91, 92 

87 , 91 1 92, 106 , 116 



epidermis, 85, 87, 8.9, 90, 92, 94. 95, 97, 98, 99, 101 , 102 

t 105, 106, 112, 114 1 115, 118 







epithelium, 
ergot, 87 
erythrocyte, 99, 
external root sheath 









feather, 87 

feather follicle, 112, 114 , I IS 
feather muscle, 87, 112, 1 13, i 14 

feather pulp, 87, 2 22, '/ 13 
feather sheath, 112, 113 
fibroblast, 215 



filoplumes, 87 
follicle, 87 

follicular folds, 100 
footpad, J f 7 

frog, hoof, 108, 2 09 

germinal (matrix) cell, 86 
gland, 100, 102 , 22 g 

glandular epithelium, 102 



glycogen zone, 87, 2 2 7, 1 1 5 

hair, 86, 93, 94 . 95, 97, 99, 100 

hair bulb, 86, 94, 95, 97, 99, 101 

hair follicle, 86, 88, 89, 95, 98, 100 , 101, 102 , 1 04. 107 , 



no 




hoof (horse), 87, 108, 
booklet, 87 
horn, 87, 107 




112 




n tubule, 1 07, HO, 111, I 12 




ital pouch 










inner root sheath, 86, 96. 9<S\ 99, 100 




bridges 



* 




. 9f 




connective tissue 






duct. 102 
cell, 2 2 8 



intermediate layer, 87, 114 
intertubular horn, 207, 108, 110, 112 
intralobular connective tissue, 102, 103 
intralobular duct, 92, 102 
isthmus of uropygia! gland, 87, / 18 
keratin, 126 
keratinocyte, 91 



lamina propria, 104 3 105 

laminae region of hoof, 106, 108, 10 L \ 111 






1 10 * 1 1 1 



laminar horn, 108 

limiting furrow, 106 
lobe, lumen, 2 2 7_, / 2 5 

lobule, 1Q2 

vessel, 102, 





mammals, 85-37, 88-107, 108, 109-1 12 

mammary gland, 36, 102, 103 

medulla, hair, 86, 96, 95 

melanocyte, 86, 89, 111 

Merkel's cell, 99, 115 

mcrocrine swear gland, 90, 91, 10 6 

middle phalanx, 106 

mucous connective tissue, 1 14, 115 

multilocular fat cell, 127 

myoepithelia] cell, 86, 90, 100, 101, 103 

nasolabial gland, 90 

nose, 86, 59, 100 

nuclei stack, 2 12, 2 25 

oral cavity, 2 25 

outer-root sheath, 96, 98 * 99 . 1 00 



pacinian corpuscle, 91 
palatine ridge, 115 
papilla, 37 

papilfan ? layer, 85-86 

pc rioplic dermis, 108, 110 

pc riop lie epidermis, 110 

peri op lie region of hoof, 108, 109 

periosteum, 115 

pinna, 98 

planum nasale, 58 

nasolabiale, 90, 91 

planum rostrale, 90 
primary duct, 87, 1 IS 
primary hair, 98 
primary lamina, 108 
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pyknotic cell, 96, /00 
rachis, 87 
reticular layer, 86 
reticulate scale, 7 i6 
scales, 87 

scrotum, 97, 98 
sc Hires, II 6 

sebaceous gland, 86, 89, 94, 95, 97, 98 , 99, 100 f 101, 102 , 
204 

sebaceous zone, 87, / 17, 7 18 

secondary laminae, 108 

secretion, 20.? 
secretory acinus, 91 

secretory cell, 101 , 103 
secretory portion, sweat gland, 100 
secretory unit, 102 , 103 
sheath, 86 

single hair follicle, 86 
sinus capillary, 114, 1 15 
sinus pad, 99 

sinus (tactile) hairs, 86, 39, 99 

skeletal muscle, 91, 94 

skin, 93, 94 , 95, 96, 97, 98, 105 , 212, 2/3, 124 

smooth muscle, 9S, 103 , 104 , 1 05, 12 £ 
sole, hoof, 106, 108, 209, 2 222 

spur, 126 
stem cell, 100 

stratified squamous epithelium, JOS 

stratum basale, 85, 88, 89, 90 , 92, 93, 94, 97, 105 , 207 
stratum eonieum, 85, 87, 83, 90, 92, 93 t 94, 97, 105 , 207, 
212, 2 23, 7/4, / 25, 116 

stratum germ inativum, 87, / 12, 213, 2/4, 7/5, 126, 177 

stratum gramilosum, 85 t 88, 92, 93, 97 

stratum internum, 108 

stratum lucid um, 85, 92 

stratum medium, hoof, 108, 709, 111 

Stratum spinosum, 85, 88, 89, 90, 92, 93, 94, 97 , 205, 107 

stratum lectori um, 108 

subcutis, 87, 88, 94 

sulcus, 116 

surface groove, 88, 90 

sweat gland, 86, 88, 89, 95, 96, 97, 100, 101, 102, 103 
teat, 103 

teat canal, 205 

teat sinus, 103 , 104, 105 

tendon, 7 / 7 
thick skin, 85 
thin skin, 85 
romial edge, 2 75 
trabecula, 99 
transitional layer, 87, 114 

tubular horn, 108 

unguinal scale, 2 27 

uropygial (preen) gland, 87, / i 7, 118 
vacuolated cell, 700 

vane, 87 

ventral plate, 1 1 7 
venule, 98 

wall of hoof, 106, 110 

wattle, 87, 174 

white line, hoof, 108, 109 

Intercalated disc, 41, 44 



Intercalated duct 

digestive system, 12 I, 128, 129, 130, 155, 156 
respiratory system, 2 79 
Intercellular bridges, 89, 91 

Intercellular space, 757 

Intercostal muscle, 185 
lntercotyledonary endometrium, 235 
Interlobular connective tissue 



digestive system, 727, 128 , 729, 130 
eye, 256, 260 
integument, 102 

Interlobular duct, 102 , 121, 227, 130, 155 

Interlobular septum, 211, 212 

Intermediate cell, 1 18, 223, 238, 239 

Intermediate layer, 87, 114 

Internal car, 261, 262 

Internal elastic membrane, 57, 60, 61, 62 

Interstitial cell 



female reproductive system, 221, 226, 227 
Lcydig cell, 204, 205, 206, 207 , 208, 217 
Interstitial systems, bone, 21 ,24 
Intersyringeal cartilages, 176 
Interterritorial matrix, (9, 20 
Intertubular horn, 707, 108, 1 10, 112 
Intestinal absorptive cell, 142 
Intestinal lumen, 246 

Intestine, 1 2 1 

Intracartilaginous (endochondral) bone, 21, 22, 24 
Intralobular connective tissue, 702, 103 
Intralobular duct, 97* 702, 122, 127,256 
Intralobular vein, 773 
In tram embranous bone, 21 

Intrapulmonary primary bronchi (mesa bronchi), 176 
Tris ? 245, 246, 247, 249, 250 ' 251,252 , 257 , 258 
Iris granule (corpora nigra), 246 
Islet of Langerhans, 121, 155, 156 
Isogenous groups, 19 

Isthmus of oviduct, 222, 224 , 229 , 240, 242 
Isthmus of uropygial gland, 87, 7 IS 



Jejunum, 120, 121, 146, 747 
Joint cavity, 26 

Juxtaglomerular cell, 164, 168 
Keratin, 7 16 

Keratinized cell, 7 7, 134 , 237 
Keratinized epidermis, 751 
Keratinized epithelium, 150 

Keratin ocyte, 91 

Keratinoid, 758 
Kidney, 163-164, 773 
Knife marks (scratches), 8 
Kohler illumination, 6 
Krause's gland, 256 
Kupffer cell, 153 

Labia, 223 
Labial gland, 722 
Labyrinthine surfaces, 222 
Lacrimal gland, 247, 248, 256 3 260 
Lacuna, 19, 24 
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Lagena, 262 
Lake, 3 

Lamellae, 21 ,24 
Lamina cribrosa, 247, 253 
Lamina propria 

digestive system, 1 J 9, 123 , I24 r 131, 132 , 133, 134, 135 



1 ?6, J37, 138 , 139 , 140, 
P 151, 154, J 57, 158 





, 144, 146 , 






epithelfu m , /0 

female reproductive system, 222, 22:9, 236 




f 




lmegumenr 




J 05 



lymphatic system, 94 

male reproductive system, 210, 211 3 213, 214 t 216 

respiratory system, 175, 176, 179, 180, 181 , 1 82 
urinary system, 164, 171, 172 
Lamina subglaadularLs, 120, 138, 140 



s 





Laminae region of hoof, 106, 108, 109, 111 
Laminar dermis, 108, 1 10, 1 i I 

Laminar horn. 

Large intestine, 1 20, 32 i, 159 
Larynx, 175, 176" 

Late primary 

Lens, eye, 245, 247, 

, 247 , 157 
Lens capsule, 250 
Lens epithelium, 245, 250 







250 , 257 









Lens h 

Lenticular process, 264 
Leukocyte (white blood ce 

blood, 27, 28, 30 

connective rissue , [4, 16 






digestive system, 140 , 
globular (globule) leukocyte, 14, 1 6, 
infiltration, lymphatic system, 74 







Lcydig (interstitial) cell 
Ligament, 264 




207, 208, 21 7 



l ight c 





155 , 192, 








Light zone, 120, 
lighting tips, 6 

Limbus, 246, 249 





, 25 1 





, 161 



Limiting furrow, 

Lingual salivary gland, 126 , J27 
Lingual tonsil, 69 

Lip, 111 

Lipid vacuole, 258 
Liver, 120, 121, 152, 153 

Lobe, lumen, 117, 1 18 

Lobule 

classic lobule, 120 
:stive system, 1 20, 

integument, 102 

lymphatic system, 70 
urinary system, 164 
Longitudinal muscle, 229 
Loop of Henle, 164, /69, J70, 171, I 

Loose (areolar) connective tissue 

defined, 14, 15, 16, 17 
digestive system, 124 
eye, 259 





, 152 , 







vc system, 209, 210 



Low columnar walls, 255 



Lumen, 207 
L u ngs , 176-177, 185, 

Lymph node 




t 199 



ca 





ar system, 67 

node, 75, 76, 
nodes, 70 

node, 75, 77, 






n 




,75 







cstive svstem. 



lymphatic s 




i 








,69,72 , 73, 74, 75, 76, 78, 79, 83 

217 




respiratory : 

! ympharic 





84. St' a also Lymph node; Lymphatic 





tissue, 8 . S3 



arteriole, 70 

blood vessel, 83 

bursa of Fabricius, 7L 84 











70, 80 



capillary layer, “1, 

capsule, 70, 74 h 75, 
cartilage plate, 75 




76 , 





. 80, 87. 







5 




cen 




artery, 79, 50 







corona 





cortex, lymph node, \ 76, 77 

sinus. 74, 76 




cortical tissue, 75 
crypt, 74 





deep cortex, 74 





elastic 



el I i 





1 




aric tissue, 6% 72, 73, 74, 75, 76, 77, 78 
, 80, 81 
,79, 




endothelial cell, 77, 78, 79 
epiglottis, 73 



e 




ial tuft, 71, 84 

erythrocyte, 78, 83 

folds (plica), 71 

idc, 71, 84 

f 

germinal center, 69, 72 






grami 




e 






'$ (thymic) cor 

hemal node, 70, 7S 




70, 71 a 82 





leukocyte in filtration, 74 
lingual tonsil, 69 
lobule of thymus, 70 

lymphocyte, 72, 77, 78 
macrophage, 70^ 77, 78 
mammals, 69-70, 72- 
marginal zone, 70, 7t d 80 




mast 




i 77 

a, lymph 
medulla, parenc 






, 75, 77, 78 
, 70 




a, thymus, 81, 82, 84 
medullary co rd ,74, 77, 78 
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medullary sinus, 70, 74, 77. 78 

megakaryocyte, 
mesol helium, 79 

a, 72 






mucous acinus, 73 

multi nucleate giant cell, 77 
muscu laris, 84 

muscu laris externa, 72, 73 t 83 
myoid cell, 71, 
nonsimisal spleens, 70 

palatine tonsil, 69-70, 73 
paraepiglottic tonsil, 69, 70, 73 

parenchyma cell, 70 
penicillus, 70 

periarterial lymphatic sheath (PAT S), 70 

Fever's patch, 69, 72, 73 
postcapillary venule, 70, 77 
primary bronchi, 75 
pseudostrati fled epithelium, 84 
pulp artery, 70 

red pulp, 70, 71, 79, SO, 81, 83 
reticular cell, 72, 77, 
reticular fiber, 76 

reticular structure, 71, 84 
salivary gland, 70, 73, 74 

septum, 81, 84 

serosa, 80 , $ / 
serous acinus, 73 



-! 






serous 




.73 




sheathed artery, 7 ! , 
sheathed capillary, 70 
sinusal spleens, 70 
sinuses, 70 




m 



scie, 73 




smooth muscle, 76, 77, 80 , 81, 83 
spleen, 70-71, 79, 80, 







node, 75 



splenic artery, 70 

stratified squamous epithelium, 75, 7 4 
subcapsular sinus, 70, 74, 76, 78 
submucosa, 72, 74 
thymic tissue, #3 

thymus, 70, 71, SI., 82, 83 , 84 
tonsil, 69-70, 73 

tonsillar follicle, 69 
trabecula, 70, 74, 76, 77, 79, 
trabecular artery, 70 
tracheobronchial Ivm 

■I 

tubal tonsil, 69, 70 

undifferentiated epithelial cell, 71* 84 

venous sinus, 70, 79 

84 

vestibular fold, 73 
villus, 72, 73, S3 
white pulp, 70-71, 79 
Lymphatic tissue, 159 3 
Lymphatic vessel 

cardiovascular system 
digestive system, 134 , 




1 








,67 

152 







c system, SI 



blood, 28, 29, 30, 31, 32 , 35, 34, 35, 36 




connective tissue, 13, / 6 
digestive system, 140 , /42, 
epithelium, 10 

72, 77, 78 
system, 209 

e, 160 




Macrophage ( histiocyte ) 
cardiovascular system, 59 
connective tissue, 13, 17 
lymphatic system, 70, 77, 73 s 
respiratory system, 175, 183 , 184 , 

Macula densa, 164, 167, 

Maculae, 262, 265 

Magnum 







224, 240,241 , 242 



ivc system, 203-219 

204,21! 

adipose tissue, 2 25 
adventitia, 211 

ampulla, 204, 2 1 1 

basal cell, 210 , 21 1 , 2/2 

body of penis (corpus penis), 205, 215. 216 

body of prostate gland, 204, 212 

bulbourethral (Cowpcr’s) gland, 204, 




LU 




,212 



cavernous space 







,213, 214, 2 f 5, 216 



chicken, 205, 217-219 
cilia ,218,219 



c 





columnar v 




him, 204, 209 



connecting duct (excretory canal), 205, 2/7, 219 
connective tissue, 214, 215 

connective-tissue trabecula, 215 
corpus cavern os urn, 205, 214 , 2/ > 



corpus spongiosum (corpus cavern osum ur 





2/4, 






, 209 



is, 2X4 



disseminate portion (pars disseminata), 




,204,2 




d uct, 212,213 





efferent 




nits, 





5, 




2 1 9 



204,20 5,208,209, 217 . 





ejaculatory duct, 205 

C fiber, 215, 216 







e 






spine, 214 
mis, 216 

mis, 204, 205, 209,210,217 









r r c L e testis 



inous cord, 216 




"l 



111 , 2/2 





ans penis, 
gonocyte, 206 



,2/4 





,217 

head of epididymis, 204 
helidne artery, 205, 2/6 
interlobular septum, 211 , 212 

interstitial (Leydig) cell, 204, 205, 206, 207, 208 3 2 17 
lamina propria, 210 III , 213 , 214, 216 
loose connective tissue, 209, 2/0 
lumen, 207 
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Male reproductive system [Contimted) 

lymphatic nodule, 217 
lymphocyte, 209 
male accessory gland, 204 

mammals, 203-205, 206-2 1 7 

mediastinum testis, 204, 20S 
mucous cell, 213 
muscularis, 2 JO, 111 
myoid cell 204, 207, 208 
os penis, 205,213, 214 

parietal prepuce, 217 
pelvic urethra, 204 
penile urethra, 204, 214, 215 
penis, 203, 204, 205, 213,214 
peritoneum, 203, 205 
prepuce, 205, 217 

preputial gland, 217 

primary spermatocyte, 203, 207. 208 , 2^7, 218 
prostate gland, 204, 2J2 

pseud os (rati tied epithelium, 204, 209, 2/0, 111, 212, 219 

retc testis, 204, 205, 206, 208 , 209, 217, 218 

retractor penis muscle, 215 

scrotum, 203 

sebaceous gland, 217 

secondary spermatocyte, 203 

secretion, 211, 212 

secretory cell, 213 

seminal vesicle, 204, 211,212 

seminiferous tubule, 203, 205, 207, 208 , 217, 218 

septa, 203 

serosa, 210,211 

serous cell, 213 

Sertoli cell, 203, 204, 205, 207 , 208 , 217, 218 

sex cord, 206 
smegma, 216 

smooth muscle, 203, 204, 209, 210, 21 l, 2 14, 215 , 216, 

2 1 9 

spermatids, 203, 207 t 205, 217, 218 
spermatogcnic cell, 203-204 
spermatogonium* 203, 207, 205, 217, 218 
spermatozoa, 203, 209, 210, 211,218,219 
spongy bone, 213 
stereocilia, 210 

straight tubule, 204, 205, 206, 205, 218 
stratified columnar epithelium, 1 /4 
Stratified squamous epithelium, 205, 21b, 21 7 
stratum caveraosum (vascular stratum), 204, 212 
supporting cell, 206 

tail of epididymis, 204 

testis, 203, 205, 206, 207,217,218 

trabecula, 212 , 215, 216 
transitional epithelium, 212, 2 /3, 21 6 
transitional zone, 204, 208 

tunica albuginea, 203, 205, 207. 208 , 209, 214, 2 15, 216, 
218 

tunica vaginalis, 203, 207, 209 
urethra, 204-205, 212, 213,214 . 215,216 
urethral pouch* 216 
urethral process, 205, 216 

vas deferens (ductus d 
villus like projections, 

visceral prepuce, 23 7 



204, 205, 210, 211, 219 



210 



Malleus, 261, 264 
Mallory stain (trichrome), 3 

Mammals 

blood, 27-28, 30-35 
bone marrow, 37-38, 39-40 
digestive system, 119-121, 122-156 
ear, 261—262, 263—266 
endocrine system, 191-192, 194-2QQ 
eye, 245-247, 249-256 

female reproductive system, 22 1-223, 2 25—239 
integument, 85-87,58-3 07, 108, 109-112 
lymphatic system, 69-70, 72-83 
male reproductive system, 203-205, 206-23 7 

respiratory system, 175-176, 178—185 

urinary system, 163— 164, \ 66-172 
Mammary gland, 86, 102, 103 
Marc. See Horse 
Marginal zone, 70, 79, 80 
Margo plicarus, 137 
Marrow cavity, 25 
Masson stain (trichrome), 3 
Mast cell, 13, 15, 16, 59, 77 
Maternal blood vessel, 233. 234, 235 
Matrix, 20 
Mature bone, 21, 22 

Medial bronchial wall, 187 

Median eminence (ventral boundary of third ventricle), 192 

1 93,194 

Mediastinum testis, 204, 208 
Medium artery, 57, 6t s 62 
Medium vein, 57, 61, 62 
Medulla 
hair, 86 T 96, 98 

kidney, 163, 164, 166, 169, 170 , 373 
lymph node, 75, 77, 78 

ovary, 221,22 3,225. 239 

parenchyma cell, 70 
thymus, SI, 82, 84 
Medullary (chromaffin) tissue, 193 

Medullary cone, 1 65, 3 73, 3 74 
M ed ulla r y co r d , 74, 7 7, 7 8 
M ed ulla ry ne phrons, 164 
Medullary sinus, 70, 74, 77, 78 
Medullary tracts, 165 
Megakaryocyte, 25 , 38, 39, 78 
Meibomian ( tarsal) gland, 247, 255, 256 
Meissner’s plexus, 51, 146 
Melanocyte 

eye, 251, 252 , 253, 254 , 259 

i n tegument, 86, 89, 112 

Mem bran a granulosa, 221, 223, 225, 226, 240 
Membrane bone, 22 
Membrane labyrinth, 262 

M e ii i nges j 45, 47 

Merkel’s cell, 99, 115 
Meroerinc sweat gland, 90, 9/, 106 
Mesangial cel), 164, ?74 
Mesenchyme tissue, 14, 15, 65 
Mesenteric blood vessel, 54 

Mesobroncht (iittra pulmonary primary bronchi), I ^6 
Mesometrium, 230 
Mesotheiium, 46, 7.9, 83, 353, 184 



308 INDEX 



M eta my eiocyrc , 38, 40 

Metarubricyte (urrhochromarophilic erv 

40 

Metestrus, 22 2, 223, 

Methylene blue stains, 

Microplacentome, 234 
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Microscope use rips, 3-6 

ear, 26 J , 262 
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Mitotk figure, 39, /4 
Mixed gland 




e system, 





, lift /.il, 132, 









respiratory system, 179 , /£/, H2 

Modiolus, 262, 266 
Molecular layer, 46, 47, 4& 

Monocyte, IS, 29, JO, JJ, J2, » J. JJ, 36 
Mordant, 3 



Mucosa. See also Muscularis mucosae; Subm 





ss 



esti vc system, 1.19, 13 8, 139, 143, 145, 147 









, 149, 



female reproductive system, 222-223. 241 




attc system, 72 

urinary system, I 

B — 




Mucous acinus 
digestive system, II 2 f 128 , / 




I.Uh 154 




eye * 

lymphatic system, 73 
Mucous cell, 189, 201 , 

lucotts connective tissue, 14 

M LI co us 




1 





IS, 114 . if 75, 17 1 




digestive system, 
respiratory system, 185 

urinary system, 172 





§■ 
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132 





3 



157 







Mucous neck cell, 138 
Mucous precursor, 13 9, HO 



Multi lamina 



r 






te primary) 

, 117 





Multi nucleate giant cell. 77 
Multipolar neuron, 49, 50, 54 
Multipolar region, 5 s 

Muscle, 41H4. See iilso Skeletal 
A band, 41, 45 
arteriole* 42 
band, 148 

bifurcation, 44 

a ry, 42, 

cardiac muscle, 4 I, 44 
connective [issue, 42 
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1 








3 41, 42 

digestive system, 127 

siuni, 41, 42* 
41 





,44 




feather, 55 
H band, 41, 43 
I band, 41, 43 

intercalated disc, 41, 44 

myofibrils, 41, 43, 44 
perimysium, 4 1, 42 
skeletal muscle, 41. 42, 43 , 44 
smooth muscle, 4 t, 42 



tendon, 42 

venule, 42 
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41, 43 

IS. Sc£ <7 /so 
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* 




stive system, 154, 155 

female reproductive system, 222 
242, 



mucosae 





>224, 225,237 





Lymphatic system, 84 




re 




uctive system. 




2 // 




. 182 . m 



respiratory system, 
urinary system, 164, 171 , /72, 174 







/39, 



system, 119, /J/, 132, 133., 134 , 135 , 136 , 135, 




* 



141, 143, 144, 145, 146, 





137, 158. 159 
ly mph.it ic system, 
nervous system. 51 









, 73, 







estive system, 119, 131, 132, 133, 135 



* 




. 13 7, 




139, 140, 141, 143, 145, 146, 147, 148. 149, 157, 159 
nervous system, 51 

urinary system, 172 

Myelin sheath, 52, 53 

Myeloblast, 38 

Myelocyte, 38, 39, 40 

um, 58, 64, 66 




Myoepithelial cell 



eye, 246, 249 



i 



2 5 1 



integument. 86, 90 
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, 103 
cell, 246 



>41, 43, 44, 66 



Myoid cell, 71, 84 , 204, 207, 2 OS 

ometrium, 222, 229, 2 Id, 231, 






Nasal cavity. 173, 176 



* 




185 




con 




, J 

Nasal gland. / 9 







Nasopharynx* 175, 179 

Nephrons, 





e 




* - J 




system, o/, 62 





cochlear nerve, 266, 
digestive sysrem, 145 



,67 





7 




* 





eye, 249. 253, 259 

facial nerve, 264 

nervous system, 51, 53, 54, 55 

optic nerve, 249, 255, 259 

-e g p i r a t o ry s y s te m, / 5 5. / 8 6 



3 




vnea 





Nerve fascicles, 52, 53 
Nerve fiber, 50, 51 t 53, 253 

runs system, 45-55. 






■* 







adipose tissue, T l 
arachnoid layer, 47 
arteriovenous shunt, 

astrocyte* 48 

# 

Auerbach’s plexus, 51 



Ear; Eye 




Nervous system (Continued) 
axon, 45, 52, 53, 55 
axon hillock, 50 
blood vessel, 46, 53 
bone, 55 
brain sand, 48 
c a pi 1 La r y , 4 8 
capsule, 54 

central canal, 49, 50, 54, 55 

central nervous system, 45 

cerebellum. 46, 48 

■ 

cerebral cortex, 46 
cerebrospinal fluid, 47 
choroid plexus, 48 

cilia, 50 

collagenous fiber, 47 
core, 55 
dendrite, 46, 50 
dermis, 55 

dors a 1 r oo t ga n gli on , 5 0, 5 1 , 5 5 
dura mater, 46 
endoneurium, 52 
epidermis, 55 
epmeurium, 51 
epithelium, 48 
fibrous astrocyte, 48 
fluid -filled space, 54 
fourth ventricle, 48 
glycogen body, 54, 55 
granular layer, 46, 48 
gray matter, 49, 50, 54, 55 
Herbst corpuscle, 55 
inner core, 54 
Meissner’s plexus, 51 
men i n gc s, 4 5 , 47 

mesenteric blood vessel, 54 
me s o th e I i u m , 46 
molecular layer, 46, 47, 48 
multipolar neuron, 49, 50, 54 

region, 55 

muscle (moves feather}, 55 
muscLiiaris externa, 51 
museularis mucosae, 51 
myelin sheath, 52, 53 

nerve, 51, 53, 54, 55 

nerve fascicles, 52, 53 
nerve fiber, 50, 51, 53 
neuromuscular spindle, 54 

neurons, 45, 48, 50, 51, 54, 55 
nissl granule, 50, 51 

nuclear bag fiber, 54 
nuclear chain fiber, 54 
nucleolus, 50 
nucleus, 50 

outer core, 54 
pacinian corpuscle, 54 
pancreas, 54 

parasympathetic ganglion, 5 1 

perineurium, 51, 52, 53 
periosteum, 46 

peripheral nervous system, 45 
perivascular space, 48 




pi a mater, 46, 47, 48 
plexus, 51 

Purkinje cell, 46, 48 

pyramidal cell, 46 
satellite cell, 51 
Schwann cell, 45, 53 
Sharpey’s fiber, 55 
silver stains for, 3 
skeletal muscle, 54 
skull, 46 
small artery, 47 

small encapsulated nerve endings, 54 
space artifact, 52, 55 
spinal cord, 49 
subarachnoid space, 46 



submucosa, 53 



unipolar neuron, 55 
ventral root, 55 



venule, 48 
villus, 48 

white matter, 46, 49, 54, 55 
Neuroglial cell (pituicyte), 192, 197 , 201 
N euro hypophysis, 191, 192, 193 
Neuromuscular spindle, 54, 185 
Neurons 

cardiovascular system, 66 

nervous system, 45, 48, 50, 51, 54, 55 
Neutrophil 

blood, 28, 30, 31 , 32, 33, 34, 35 

bone marrow, 40 

connective tissue, 13, 35 

female reproductive system, 238, 239 
Neutrophilic band cell, 39, 40 
Neutrophilic metamyelocyte, 40 
Nictitating membrane, 247, 248, 254, 255 

Nissl granule, 50, 51 

Nonpigmented epithelium, 251, 257, 258 
Nonsinusal spleens, 70 

N o r m oblast ( or th o c h r oma t o ph il ic c ry th r o blast), 38, 39, 40 
Nose, 86, 89, 100 





Nuclear bag fiber, 




Nuclear chain fiber, 54 
Nuclei stack, 112, 115 
Nucleolus, 50 
Nucleus, 50 



Gdo n to b 1 ast ,323 

Olfactory cell, 3 78 

Olfactory epithelium, 175, 176, 1 78, 186 

Omasum, 135 , 136 

Oocyte, 221, 223, 225, 239, 240 

Optic disc, 247, 249, 253 

Optic nerve, 249 , 253, 259 

Ora ciliaris retinae, 246, 249, 252 

Oral cavity, 115 

Orcein stain, 3 

Organ of Corti, 262, 266, 267 
Oropharynx, 119, 130 , 333, 175 

Orthochroma to philic ery thro blast (normoblast, metarubri- 

cyte), 38, 39, 40 
Os penis, 205, 213, 214 
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Osseous spiral lamina, 262, 266 
Ossicles, 261 

Osteoblast, 21, 22, 2.1, 24, 38, 39 
Osteoclast, 21, 22, 24, 38, 39 
Osteocyte, 21 , 22, 23, 24, 25 
Osteoid, 22 

Otoconia (otolith), 262, 265 

Otolith (otoconia, statoconia), 262, 26S 
Otolithic membrane, 265 
Outer core, 54 

Outer nuclear layer, 253, 254, 259 

Outer plexiform layer, 255, 254, 259 

Outer root sheath, 96, 98, 99, If 00 

Ovarian cortex, 221, 223, 225 

Ovaries, 221-222, 223, 225, 226, 227, 239, 240 

Oviduct, 222, 224, 227, 228, 229 , 240, 247, 242, 243 

Oxyphilic cell, 192 



Pacinian corpuscle, 54, 91, 121 
Palatine bone, 724 
Palatine ridge, J / 5 
Palatine Tonsil, 69-70, 73 

Palpebral conjunct iva, 247, 249, 250, 257, 255, 256 
PALS (periarterial lymphatic sheath), 70, SO 
Pancreas, 54 , 6 1 , 121, 255, 156 , 161 

Paneth cell, 244 

Papilla, 87, 119, 236 

Papillary duct, 163, 769, 170, 171 

Papillary layer, 85-86 

Parabasal cell, 223, 238, 239 

Parabronchi (tertiary bronchi), 177, 188 , 7 89 

Pa rae pi glottic tonsil, 69, 70, 73 

Paraffin procedure, 1, 2 

Parafollicular (C) cell, 192, 197 

Parasympathetic ganglion, 51 
Parathyroid gland, 192, 193, 7 97, 198 
Parenchyma cell, 66, 70, 191, 192, 193 

Parietal (capsular) epithelium, 164, 767, 768 

Parietal cell, 120, 137 , 138 , 139,140 

Parietal pleura, 185 

Parietal prepuce, 27 7 

Parotid gland, 127 , 728 

Pars ciliaris retinae, 246, 249, 250, 252 

Pars con voluta (cortical labyrinth), 163, 166 

Pa rs disseminata (disseminate portion prostate), 204, 272, 
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Pars disralis, 191, 193, 194, 195 , 796, 200 , 201 
Pars intermedia, 191 — 192 , 794 , 195 
Pars iridica retinae, 246, 249 
Pars nervosa, 192, 794, 195, 200 
Pars radinra, 166 , 169 

Pars tuberalis, 192, 1 93, 194 , 7 95, 196 f 200 , 207 
Pec ten, 247, 259 

Pectinate ligament (uveal mesh work), 246, 247, 250, 252, 



254, 257, 258 
Pelvic urethra, 204 



Penici 




s, 70 



Penile urethra, 204, 2/4, 215 

Penis, 203, 204, 205, 213, 214 
Periarterial lymphatic sheath (PALS), 70, 80 
Pericardial cavity, 66 
Pericardium, 58, 66 



Perichondrium, 19, 20, 181 

Perilobular collecting duct, 165 

Perilymph , 262 
Perilymphatic space, 267 
Perimetrium (serosa), 222 
Perimysium, 4 1, 42 
Perineurium, 57., 51, 53 
Periodontal ligament, 123 
Perioplic dermis, 108, 7 70 

Perioplic epidermis, J70 
Perioplic region of hoof, 108, 109 

Periosteum, 25, 46, 115 

Peripheral nervous system, 45 
Peritoneum, 203, 205 
Perivascular space, 48 
Permtellme membrane, 223, 240 
Pessulus, 176, 187, 188 
Peyer T s patch, 69, 72, 73, 120 
Pharynx, 175, 176 
Photosensitive retina, 246 
Pia mater, 46, 47, 48 
Pig 

blood, 32 

cardiovascular system, 59, 60, 67, 62, 63, 64, 66, 67 
cartilage, 20 
connective tissue, .7 7 

digestive system, 724, 130, 732, 733, 137, 7 44, 149 1 153 , 
754, 155, 156 

epithelium, 11 

eye, 251, 252, 253, 255, 256 
female reproductive system, 226, 235 
fold, 8 

integument, 90, 97, 707 

lymphatic system, 72, 75, 80 

male reproductive system, 206, 207, 211 1 213, 215 , 217 
muscle, 42, 44 
nervous system, 52, 52, 53 
respiratory system, 783, 784 
urinary system, 768, 769, 772 
Pigmented columnar cell, 246 
Pigmented epithelium, 257, 253, 254 , 257, 258, 259 
Pigmented granule, 263 
Pigmented myoepithelial cell, 246 
Pineal gland (epiphysis cerebri), 192, 193, 7 97, 201, 202 
Pineal stalk, 797 
Pinealocyte, 192, 197 
Pinna (auricle), 261 
Pinna, integument, 98 
Pituicyte (neuroglial cell),, 192, 197 , 20.7 
Pituitary gland (hypophysis), 191-192, 193, 7 94, 795, 796, 

100 , 201 

Placenta, 222, 232 , 233 , 234, 235 , 236 

Placental labyrinth, 232, 234 

Placemome, 235 

Planum nasalc, 88 

Planum nasnlabiale, 90, 91 

Planum rostrale, 90 

Plasma, 27, 30, 59, 60, 67 

Plasma cell, 13, 75, 76, 39, 180, 260 

Platelet, 27, 28, 37, 32, 34 

Plexus, 57 
Plica (folds), 757 
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Pluripotent stem cell, 3 7 
Pointer in ocular, 3 

Pol y c h ro m a t o-ph il i c e ry t h ro blast ( r li b r i c v te I, 38, 40 
Pol y mo rp h on ucle a r 1 e Lik o c y te } 28 
Pore, 757 

Portal tract (area), 120, 153 
Portal vein, 62, 152 , 153 
Postcapillary venule, 70, 77 
Posterior chamber, 245, 249 , 250, 257 
Posterior epithelium, 245-246, 252, 2 58 
P rece n t r u m , 12 3 
Predentin, 123 

P ree n ( u r op ygial) gland , 87, 11 7, 1 1 8 
Prepuce, 205, 21 7, 223 

Preputial gland, 217 

Primary bronchi, 75, 177, 181, 187, 188 

Primary center of ossification, 22 

Primary duct, 87, 118, 157 

Primary fold, 236", 241, 243 

Primary follicle, 221, 222, 225 

Primary hair, 98 



Primary lamina, 108 

■jr ' T 

Primary oocyte, 221 

P r i m a ry sperm a to cy te , 2 0 3 , 

Pri m o rdia I fo Hide, 221, 22 .5 

Principal (chief) cell, 192, IS 






Pro erythrocyte, 37 




Lis, 222, 223, 22.9, 235 



Promyelocyte, 38, 40 

Prombncyte (basophilic ery 

, 212 






, 208 s 2/7, 218 







ast), 37-38, 39, 40 



P rote ogl yea ns, 19 

Proven tricul us, 121, 157, 158 

P i: o xi m a 1 c o it vq 1 u ted tubule, 163, 164, 167 




9, 173, 174 



Pseudo stratified columnar epithelium, 9, 10, 175, 224, 241 





ear, 265 

female reproductive system, 222, 23 L 242 , 243 
lymphatic system, 84 

male reproductive system, 204, 209, 210, 21 1, 212 , 2 19 
res pi r a to ry syste m , / 78, 179, 18 0, 1. 8 7 , 182, 1 85, 1 8 6, 

1 88 

■ 

urinary system, 163, 165, 174 
Pulmonary artery, 63, 64, 65 

Pulmonary vein, 185 
Pulmonic (semilunar) valves, 65 
Pulp artery, 70 

Pupil, 246, 249 
Puppy. See Dog 
Purkinje ceil, 46, 48, 66 
Pyk noticed), 96, 100 

Pyk n or ic nucleus, 185 

Pyloric gland, .740, 142 

Pyloric gland region, 120, 140 ; 141 

Pyramidal cell, 46 



Queen. See Cat 

Quill (calamus), 87, 113, 114 

Rachis, 87 
Ram, See Sheep 





Raphe, 26/ 

Rathke’s pouch, 191, 192, 194, 195 
Rectoanal junction, 149, 150 , 757 
Rectum, 120, 149 

Red blood cell. See Erythrocyte 

Red pulp, 70, 71, 79, 80, 81, 83 
Regenerating gland, 241, 242 
Reissneris (vestibular) membrane, 262 

structures, 6 
Renal artery, 62 

Renal corpuscle, 164, 166, 767, 175 

Renal papilla, 163, 169 

Renal pelvis, 163 

R cs o rc i n fuchsin (Weigert’s) stain for 
Respiratory bronchiole, 176, 183 
Respiratory epithelium, 178, 185 
Respiratory system, 1 75— I 89 

abdominal air sac, 189 
adipose tissue, 179, 180, 181 
air capillary, 1.77, 189 
air sac, 177, 189 

alveolar duct, 176, 183 
alveolar sac, 176, 16 
alveolar septum, 184 
a 1 v eo I us , 176, 182 ,, 7 8 3 , 7 8 4, 1 8 5 
arytenoid cartilage, 7 7.9, ISO 
atrium (air vesicle), 177, 188, 189 





sne 




3 






basal cell, 178, 185 , 1 
bone, 178, 

bony tracheal ring, 186, 1 

Bo wm a n ? s g 1 a n d , 175, .77 S, 1 8 6 
bronchi, 175, 176-177, 182 , 184 

bronchial cartilage, 188 
bronchial rings, 186, 18 7 

bronchiole, 176, 782, 183, 1 
card lage, 178 




ca r 




mo us 





, 1 86, 18 




caudal larynx (syrinx), 176, 187, 188 

cavernous vein, 175 

cavity of air sac, 189 

' if . ? -r 




185-189 

ciliated pseudostrati fied columnar e 

coin m n a r ep i the 1 iu ra, 1 8 1 
connective tissue (lamina of), 189 




i u m 






176, 177 



cranial larynx 



76 



cuboidal epithelium, 177, 753 
duct, 7 79 

elastic band, 182, 184 

llage, 176, 7 79 
elastic fiber, ISO, 181 , 183, 





epidermis, 185 




176, 7 79 




mm, 

erythrocyte, 754, 189 

p p 

esophagus, 750 

extra pulmonary primary bronchi, 

fibroelastic membrane, 181 

glottis, 179 

blet cell, 175, 176, 178, 180, 1 





7, 181 




, 182 



g ran l 



:y te , 7 




h u m crus, 189 




hya line cam 1 age, 17 6 , ISO, l 8 1 , 1 82 

intercalated duct, i 79 
intercostal muscle, 1 £5 
in ter $ yringea ! cartilages, 176 

mtrapiilmonary primary bronchi (mesobronchi), I 7 6 
lamina propria, 175, 176, /79, 1 80, /Jl, IS 2, 185 
larynx, 175, 176 
lungs, 176-177, 185, 188 , / ^9 

lymphatic nodule, 182 
lymphatic tissue, 188 

macrophage (histiocyte), 175, 183, 184 , 7 59 

m a m m a 1 s , 1 75-1 76, 1 7 8- 1 8 . 9 
medial bronchial wall, 187 




mixed gland, 179 , 3 80, I SI, 782 
mucous cell, 189 
mucous gland, 785, 7 86 

muscularis, 781, 182 , 183 

mu scul aria externa, 180 
nasal cavity, 175, 176, 17S, 185 
nasal concha, 7 78 



nasal gland, 779 
nasopharynx, 175, 7 79 
nerve, 7 85 3 186 

neuromuscular spindle, 185 

nostrils, 175, 176 
olfactory cell, 178 

olfactory epithelium, 175, [76, 178, 186 
oropharynx, 175 



parabronchi (tertiary bronchi], 177, 7 88, 189 
parietal pleura, 185 
perichondrium, 181 
pessulus, 176, 787, 188 

pharynx, 175, 176 

plasma cell, 7 SO 

primary bronch i * 1 77, 181, / 87, 1 SS 
pseu do-stratified columnar epithelium, 175 




186, 188 



pulmonary vein, 785 



pyknotic nucleus, 185 

respiratory bronchiole, 176, 183 

respiratory epithelium, 1 78, 1 85 

respiratory region, 176 

secondary bronchi, 176-177, 188, 189 

sensory hairs, 1 78 

septum, 184 t 185 




serous acinus, 
serous gland, 7 78, 780, 182 
simple squamous epithelium, 18.9 
skeletal muscle, 7 79, ISO, 7 86 
smooth muscle, 183, 1 85, 188. 189 
squamous cell, 176,177 
stratified columnar epithelium, 1SS 
stratified squamous epithelium, 175, 7 78, 179, ISO, 







187 , 788 

striated duct, 7 79 
submucosa, 175, 176, 179, 780 



supporting cell, 178, 186 
sy ringed cartilage, 7 87, 188 
syrinx (caudal larynx), 176, 7 87, 7 88 
taste buds, 7 79 



trachea* 175, 176, ISO , 787, 786, 787 
tracheal gland, 7 87 

trachealis muscle, 3 76, 7 80, 7 8/ 

age, 








membrane, 176, 7 87, 788 



hype 11 alveolar celi t 184 












, 175, 176 
eura, 176 
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ament. 





gland 







3 242 




ovarii, 22 l, 227 
Rete resris, 204, 205, 206, 208 

a r cell, 72, 77, 78, 83 





ar 




connective tissue, 13, 7 8 
digestive system, 76/ 




a tie system, 76 
silver stains for, 3 

urinary' system, 777 







Reticular structure, 71, 84 

tissue, 14, 
scale, 7J6 
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Retinal tunic, 245 
Retractor penis muscle, 2 7 5 
Right auricle, 64 





2 y‘4, 259 






247, 249, 252 , 253, 254. 259, 260 




and Gientsa's) stains, 3 
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tophilic erythrablast), 38, 40 





Sacculus, 262, 264, 






r gland, 70, 73, 74, 121, / 56 




lire cell, 1 / 




a 





Sea 3a tvmpani, 262. 266* 26/ 
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Scales, c 




, 87 



Sc h iff s reagent, 13 

ann cel), 45, 53 




Sclera, 245, 247, 249, 250 , 257, 252 , 253 3 254, 256, 257 , 








, 247, 257, 258 , 
ossicles, 24 _ * 257, 258 









c 








257 



Scleral venous plexus 

Scratches (knife marks), 8 

Scrotum, 97* 9S t 203 
Scutes, 33 6 



249 , 150 
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restive sv stem, 122, 750, 151 

263 

of Zeiss, eye, 247, 256 

, 86, 89, 94, 95, 97, 98, 99, , 

reproductive system, 277 






, 101, 102 , 704 
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Sebaceous zone, 87, 117, 118 
Secondary bronchi, 176-177, 188 , 189 
Sc co nd a r y due t, 1 5 7, 1 5 8 





Secondary fold* 236, 241 

Se co n da.r y 1 a mi n a e , 

S ec o n da ry s pe rm a roc y re , 2 0 3 
Secretion, 103, 21 1, 212 



Secretory acinus, 91 
Secretory bleb, 228 
Secretory cell, 101, 103, 213 
Secretory gland, 241, 242 



Secretory portion, sweat gland, 100 

Secretory (striated) duct, 128, 129, 130, 179 
Secretory tubule, 260 

Secretory unit, 102, 103 , 128 , 143 , 144, 145 
Section (specimen) 
interpretation, 3, 4-5 

preparation, 1-3, 2 
sectioning with microtome, 1, 2, 3 
Semicircular canal, 262, 267 
Semicircular duct, 262, 267 
Semilunar (pulmonic) valves, 65 
Seminal vesicle, 204, 211, 212 
Seminiferous tubule, 203, 205, 207, 208, 217 , 218 
Sensory cell, 125, 265 
Sensory hair cell, 262 
S cos or y hairs, 178 
Separation (space) artifact, 8 

Septa, 203 

Septum, 81, 84, 184, 185 

Sc r os a 



digestive system, 11.9, 133, 138, 140, 143, 145 , 147, 148, 
152, 157, 159 

female reproductive system, 222—223, 228, 241 

lymphatic system, 80, 81 

male reproductive system, 210, 21 1 

perimetrium, 222 
urinary system, 174 
Serous acinus 



digestive system, 122, 128, 129, 154 
eye, 255 

lymphatic system, 73 
respiratory system, 179 

Serous ceil, 273 
Serous demilune 

digestive system, 122, 128, 129 , 130 
lymphatic system, 73 
Serous gland 

digestive system, 127, 144 
respiratory system, 1 78, 180 , 182 
Serous membrane. See Serosa 

Sertoli cell, 203, 204, 205, 207 , 208, 217, 218 

■ ■ ■ 

Serum, 27 
Sex cord, 206 
Sharpey’s fiber, 25, 26', 55 
Sheath, 86 

Sheathed artery, 71, S3 
Sheathed capillary, 70 

blood, 33, 34 
bone, 26 

cardiovascular system, 59, 60, 64 






128 , 



9, 133, 134, 135 , 136 




connective tissue, 
digestive system, 122, 

139 , 145, 156 

endocrine system, 200 

eye, 253 

integument, 97, 98, 100, 101 , 102, 104 

a tic system, 76, 77, 78, 81 
reproductive system, 20$, 211, 212, 213, 215, 
muscle, 42 

nervous system, 46, 47, 49, 50 
respiratory system, 1.79, 181, 183 

urinary system, 167 

Shell gland (uterus), 224, 243 
Silver stains, 3, 13 

Simple columnar epithelium, 13 7, 139, 140, 151 , 1.60 
Simple epithelia, 9, 10 

Simple squamous epithelium, 189 
Single hair follicle, 86 
Sinus capillary, 114, 115 
Sinus pad, 9.9 

Sinus (tactile) hairs, 86, 89, 99 
Sinusal spleens, 70 
Sinuses, 70 
Sinusoid 




boi 



ne 




b o ne ma r r o w, 3 7, 3 8 

digestive system, 120, 1.52, 153 

endoc r i ne sy s re m, 1 9 1 , 
vascu I a r s i n. u s o i d, 3 7, 38 






, 199, 




3 



20L 202 



Skeletal 



m i j s c 



Ic 



ca r d i o v a sc u 1 a r sy ste m , 59, 60 

defined, 41, 42, 43, 44 

e stive system, 122 , 125 , 127, 





130, 132, 133, 151, 160 



eye, 256 

integument, 91, 94 
lymphatic system, 73 
nervous system, 54 

respiratory system, 179, 180 , 186 
Skin and skin derivatives. See Integument 

Skull, 46, 200, 201 

Small artery, 47, 57, 59, 60, 61, 148 

Small encapsulated nerve endings, 54 
Small intestine, 120 
Small vein, 57, 59, 60 

S m egm a , 216 
Smooth muscle 

cardiovascular system, 59, 64 

digestive system, 133, 138 3 160 
epithelium, 10, 11 

eye, 256' 



integument, 98, 103, 104 , 105, 118 



lymphatic system, 76, 77, 80, 81, 83 
m a 1 e r e pr o d u cti ve s y s tem , 203, 204, 2 0 9, 21 0, 213, 21 4, 

215,216,219 

r esp ir a t or y sys tem, 183, 185, 188, 189 
urinary system, 167 

Smudged cell, 30, 32, 36, 39 

Soft palate, 124 

Sole, hoof, 106, 108, 109, 110 

Pig 

Space artifact 
digestive system, 123, 127 
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endocrine system, 198 
eye, 252 , IS 8, IS 9 

female reproductive system, 13 S 

nervous system* 52, 55 

Spaces of Fontana, 246, 248* 250* 251* 257 

Sperm-host gland, 224, 243 

Spermatids, 203, 207, 208*11 7, 21 8 

Spermatogenie cell, 203-204 

Spermatogonium, 203, 207, 208, 111 * 218 

Spermatozoa, 203, 209* 210, 21 l t 218, 219 

Sphincter {constrictor) muscle, 246, 249 , 251, 257, 25£ 

Spinal cord, 49 

Spine, 125 

Spiral colon, 149 

Spiral ganglion, 266 

Spiral ligament, 262, 266 

Spi rai limbus, 262, 266 
Spiral tunnel, 266 
Spleen, 70-71, 79, SO, 81, S3 
Splenic artery, 70 

Spongy bone, 21, 22, 23, 213 
Spongy layer, 232 , 234 
Sp tut, 116 

Squamous cel!, 57, 176, 177 
Squamous epithelium, 9, 10, 221, 258 
Stain precipitate* 8 

Staining specimen, 2* 3 

Stallion, See Horse 
Stapes, 261, 264, 265 
Statoconia (otolith), 262, 265 
Stellate reticulum, 122, 123 
Stem cell, 1 00 

Stereociiia, 2 J0 r 262 
Stomach, 121, J34 

Straight tubule, 204, 205, 206 . 208 , 218 
Stratified columnar epithelium, 11, 188, 214, 255 
Stratified epithelium, 9, 10, 11, 237 
Stratified squamous epithelium 
defined, 10, 11 

digestive system, 119, 122, 124 , 126 , 127, 130 , 131, 132 , 

133, 134 1 135 , 136, 137 , ISO, 151 , 156, 157, 160 
eye, 255, 258 

female reproductive system, 236, 237 

integument, 105 

lymphatic system, 73, 74 

male reproductive system, 205, 216, 217 

respiratory system, 175, J7tS\ 179, 180, 1S6 , 187, 1.88 

Stratum basale 
digestive system, 124 

integument, 85, 88, 89, 90, 92, 93, 94, 97, 

Stratum caver nosum /vascular stratum!. 204 



105, 107 
212 



138 



comcum 



digestive system, 124 

integument, 85, 87, 88, 90, 92, 93, 94, 97, 105, 107 , 1 12, 
113, 114, 115, 116 

Stratum gerniin a tiv urn, 87, 112, H3 , 114 , 115, 116, 117 
Stratum granu losum 

digestive system, 120, 122, 138 , 141, 151 



integument, 85, 88, 92, 93, 97 

Stratum intermedium, 123 

Stratum internum, 108 



Stratum lueidum, 85, 92 
Stratum medium, hoof, 108, 109, 111 
Stratum spinosum 
digestive system, 124 , 125 

integument, 85, 88, 89, 90, 92, 93, 94, 97, 105 , 107 
Stratum teetorium, 108 
Stratum vasculare, 222, 229, 230 
Stria vascularis, 262, 266 

Striated border 

digestive system, 120* 142, 144, 148 , 149, 154 
epithelium, 10 

Striated duct, 128 , 129, 130, 179 
Stroma 

endocrine system, 198 
female reproductive system, 223, 225 
Stroma (substantia propria), 245-246, 246, 251 , 252, 258 
Subarachnoid space, 46 
Suhcapsukr sinus, 70, 74* 76, 78 
Su heaps ular vein, 167 

Subcurisj 87, 88, 9 4 

Sublingual gland, 130 
Submandibular gland, 128, 129 

Sub mucosa 



digestive system, 1 19, 120, 124 , 131, 132 , 133 , 134, 135, 
137, 138, 139, 140 , 141 , 143, 144 , 145, 146 3 147, 148 , 
J49, 157, 158 * 159 
female reproductive system, 228 
lymphatic system, 72* 73 
nervous system, 51 

respiratory system, 175, 176, 279, 180 
urinary system, 164, J72 

Substantia propria (stroma), 245-246, 246, 251, 252, 258 
Sulcus, 116, 121, 157 
Superficial cell, 223,238, 239 

Superficial cortex, 167 

Superficial gland of the nictitating membrane, 247, 255 
Superficial intermediate cell, 223, 23S, 239 
Supporting cell 

digestive system, 125 
ear, 262, 265, 267 
male reproductive system, 206 
respiratory system, 1 78, 1 86 
Suprachoroid layer, choroid, 246 
Supraglandular layer, 232 
Surface epithelium, 158 
Surface groove, 88, 90 

Surface mucous cell, 138* I40 r 142 
Susrenracular (type II) cell, 67 
Sweat gland 

cardiovascular system, 60 

duct of, 90, 91, 92, 98, 100 * 101 

glands of Moll, eye, 247, 255, 256 

integument, 86, 88, 89, 95* 96* 97, 100, 101, 102 * 103 

m croc rine sweat gland, 90* 9J, 106 

secretory portion, sweat gland, 100 

Syndesmochorial placenta, 222 
Synovial cavity, 264 
Synovial fold, 26 

Syntrophoblast, 233 
Syringeal cartilage, 187, 188 

Syrinx (caudal larynx), 176, 187, 188 
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Taenia cc ci, 1 20 
Taenia coli, 120, 148 , 149 
Tail of epididymis, 204 
Ta petal cell, 254 

Tape turn lucidum, 246. 249 1 2 52. 2.54 
Tarsal (Meibomian) gland. 247, 255, 256 
Tarsus. 247. 2 55, 256 



Taste buds 

digestive system, 119, 121, 125 , 126, 156, 157 
respiratory system. 179 

Tea r, 1 03 

Teat canal, 105 

Tear sinus, 103 , 204 T 105 

Tectorial membrane, 262, 266, 267 

Tegmentum, 262 

Tegmentum vasculosum, 262, 267 
Temporal bone, 2 64, 265, 266 
Tendon 

bone, 25, 26 
connective tissue, 17, 18 
elastic tendon, 114 

extensor tendon, 26 
integument, 114 , 117 
muscle, 42 

Territorial matrix, 19, 20 

Tertiary bronchi (parabronchi), 177. 1 88, 189 

Tertiary duct, 157, 158 

Tertiary fold, 236, 241 

Tertiary (Graafian) follicle, 222, 226 

Testis, 203, 205, 206 f 207,217,218 

Theca externa, 221-222, 223, 225 , 226, 240 

Theca folliculi, 221, 225 

Theca interna, 221^222, 223, 225, 226, 240 

Theca lutein cell, 126 

Thick skin, 85 

Thin skin, 85 

Thrombocyte, 29, 35 

"Thymic tHassalTs) corpuscle, 70, 7 I, 82 
Thymic tissue, 83 
Thymus, 70, 71, 81, 82, 83 , S4 
Thyroid gland, 1.92, 193, 197, 198 
Toluidinc blue stains, 3 

Tomial edge, / 15 

Tongue, 1 19, 156 
Tonsil, 69-70, 73 

Tonsillar follicle, 69 

Tooth, 122, 123 



Trabecula 

connective tissue (trabecula of), 2/J 
endocrine system, 192 
eye, 246 
integument, 99 

lymphatic system, 70, 74 1 76. 77. 79, 80, 81 

male reproductive system, 212, 2 15, 216 
Trabecular artery, 70 

Trachea, 175, 176, 180, 181, 186 , 187 

Tracheal gland, 181 

Tracheal is muscle, 176, ISO, 181 

Tracheobronchial lymph node, 75 
Transferring sections to slide, 2, 3 

Transitional epithelium 
defined, 9, 11 



female reproductive system, 237 
male reproductive system, 2/2, 2/3, 216 

urinary system, 171, 172 
Transitional layer, 87, / 14 
Transitional zone. 204, 208 
Trichrome (Mallory’s and Masson's) stains, 3 
Trophoblastic projection, 233 
Tubal tonsil, 69, 70 

Tubular ceruminous gland, 261 
Tubular gland, 120, 160, 242 

Tubular horn, 108 
Tubular mucous unit, 129 
Tunica adventitia 

cardiovascular system, 57, 60, 6/. 62, 65, 65 
female reproductive system. 230 
Tunica albuginea 

female reproductive system, 221, 223, 225 
male reproductive system, 203, 205, 207, 208, 209, 214 , 
215,216,218 

Tunica Ultima 

cardiovascular system, 57, 61. 62, 63, 64, 65 
female reproductive system, 230 

Tunica media 

cardiovascular system, 57, 61 , 62, 63, 64, 65 
female reproductive system. 230 
Tunica vaginalis, 203, 2Q7 T 209 
Turbinate cartilage, 185 
Tympanic cavity, 261, 263, 264 

Tympanic membrane 

car, 261, 261,263 1 264 

respiratory system, 176, 187, 188 
Type 1 cell (of macula), 265 
Type I (glomus) cell, 67 
Type II (alveolar) cell, 184 
Type 11 (sustentacular) cell, 67 

Ultriculus, 264 
Umbilical artery, 63 
Undifferentiated epithelial cell, 71, 84 
Unguinal scale, 3 2 7 
Unipolar neuron, 55 
Urachus, 171 

Ureter, 164, 165, 171, 172, 174 
l ) re th r a 

corpus spongiosum (corpus eavernosum urethra), 204, 

223, 224 

female reproductive system, 237 

male reproductive system, 204-2U5, 111. 113,214, 21 5. 2 1 ft 
pelvic urethra, 204 
penile urethra, 204, 214, 215 
urinary system, 163, 164 
Urethral epithelium, 237 
Urethral pouch, 216 
Urethral process, 205, 216 
Urinary bladder, 164, 172 
Urinary space, 164, 1 67, 168, 16 9, 174 
Urinary system, 163-174 
adipose Tissue. 166, 169 
adventitia, 164. 165, 3 7/ 
afferent arteriole, 16S, 169 
Bowman's capsule, 164 
brush border, 163, 268 
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capillary, 172 

capsular (parietal) epithelium, 164, /67 T 168 
capsule, 163, 2 66, 2 67 
cavity of renal pelvis, 269, 170 
centra! (intralobular) vein, 164 

chicken, 164-165, 173-174 
cloaca, ! 64, i 65 

collecting duct, 1 74 

collecting tubule, 163, 164-165, /67 P 168, 169 . 170, 172, 

174 

columnar epithelium, 163 
connective tissue, 167 
connective tissue (capsule of), 163 
cortex, kidney, 163, 166, 168 , / 73, 174 

conical nephrons, 164 

distal convoluted cell, ! 64 

distal convoluted tubule, 163, 167, 168 , 173, /74 

efferent arteriole, 169 

erythrocyte, 171, 174 

fat vacuole, 2 67 

glomerular (visceral) epithelium, 164, 167, J74 
glomerulus, 164 

Hmle’s loop, 164, 169, 170, 171, 174 
hi Ins region, 1 64 
intralobular vein, 2 73 
juxtaglomerular cell, 164, 16# 
kidney, 163— 164, 173 

lamina propria, 164, 171, 172 

lobule, 164 

loop of Henle, 164, 169 , 2 70, 2 72, 174 
lymphatic tissue, 274 
macula densa, 164, 2 67, 2 6#, 169 
mammals, 163-164, 166-172 

medulla, kidney, 163, 164, 166, 2 69, 2 70, 171 

medullary cone, 165, 173, 174 
medullary nephrons, 164 
medullary tracts, 165 
mesangial cell, 164, 2 74 
mucosa, 164 

mucous connective tissue, 272 

mucous gland, 272 

muscu laris, 164, 2 72, 2 72, 2 74 
muscular is mucosae, 2 72 
nephrons* 164 

papillary duct, 163, 269, 2 70, 171 
pars convoluta (cortical labyrinth), 163, 2 66 
pars radiata, 266, 2 69 
perilobular collecting duct, 165 

proximal convoluted tubule, 163, 164, ?67„ 26#, 2 69, 273, 
174 

pseuddstrati tied epithelium, 163, 165, 2 74 

renal corpuscle, 164* 2 66, 2 67, J7J 

renal papilla, 163, 169, 170 

renal pelvis, 1 63 

reticular fiber, 2 72 

serosa, 2 74 

smooth muscle, 267 

subcapsular vein, 267 

submucosa, 164, 172 

superficial cortex, 267 
transitional epithelium, 2 72* 2 72 

urachus, 272 



ureter, 164, 165, 272, 2 72, 2 74 
urethra, 163, 164 
urinary bladder, 164 , 172 
urinary space, 164, 267, 168, 169 . 174 
urodeum, 164 

vasa recta, 164, 269, 270, 2 7/ 

Urodeum, 260, 164 

Uropygial (preen) gland, 87, 2 /7 f / /# 

Uterine (endometrial) gland, 222, 234 s 235 

Uterine gland, 59 

Uterine horn , 229, 230 , 231 

Uterus, 222, 23 2, 234, 240, 243 

Utriculus, 262 

Uvea (vascular tunic), 245 

Uveal mesh work (pectinate ligament), 246, 247 ,250, 251 , 

254,257,258 

Uveal trabecular mesh work, 246, 252 

Vacuolar celh 223, 239 

Vacuolated cell, 100 

Vacuole, 29, 35, 243 

Vagina, 222-223, 224, 237, 240 , 243 

Vaginal smear, 23#, 239 

Valves, 58, 60, 62, 65, 67 

Vane, 87 

Vas deferens (ductus deferens), 204, 205, 2/0, 111 , 219 

Vasa recta, 164, 16 % 170 , 171 
Vasa v a so mm, 57, 64 

Vascular layer, choroid, 246, 250, 253 , 254 
Vascular sinusoid, 37, 38 

Vascular stratum (srratum cavcrnosum}, 204, 212 
Vascular tunic (uvea), 245 
Vein 
bone, 25 

cardiovascular system, 57, 59, 60, 61, 62, 67 
cavernous vein, 17# 

central vein, digestive system, 1.52, 153 , 161 
central vein, urinary system, 164 

digestive system, 136, 148, 152 , 153, 161 

female reproductive system, 230 

intralobular vein, 173 

medium vein, 57, 61, 62 
portal vein, 62, 152, 153 

pulmonary vein, 185 

respiratory system, 178, 185 
small vein, 57, 59, 60 

subcapsular vein, 167 
urinary system, 164 ,167, 173 
Vena cava, 64 
Venous sinus, 70, 79 

Ventral buundarv of third ventricle (median eminence), 192 

1 93, 1 94 

Ventral plate, 117 

Ventral root, 55 

Ventrical us (gizzard), 121 , 158 

Venule 

cardiovascular system, 57, 59, 60, 67 
integument, 9# 
lymphatic system, 70, 77 

muscle, 42 

nervous system, 4# 

■ 

posrcapillary venule, 70, 77 



Verniers, for relocating structures, 6 

Vesicles, 84 

Vestibular epithelium, 1 85 , 23 7 
Vestibular fold, 73 
Vestibular gland, 23 7 

Yes t.i b u la r ( Rc is suer's) mem b r ail e, 2 6 2 , 266 



ear, 262, 264 

female reproductive system, 223, 238 

respiratory system, 175, 176 
Vestigia! cavity, 192 
Villus 



chorioallantoic villus, 23 4 , 23 5 3 236 

digestive system, 120, 121, HI, M3, 144 3 146 , 147, 159. 
160 



female reproductive system, 234, 235, 236 
lymphatic system, 72, 73, 83 



m ale r cp r o duct i v e sv s tern, 210 



nervous system, 48 
Villous surfaces, 222 

Visceral {glomerular) epithelium, 164, 167, 174 
Visceral pleura, 176, 184 

Visceral prepuce, 217 

Vocal fold, 1 80 
Vocal ligament, 180 
Volkmann’s canal, 24, 25 
Vulva, 223 



W all o f h o of, 106 , 110 

W a ter bath , s t r a i gh t en i ng s ecti o n son, 1,2, 3 
Wattle, 87, 114 

We ige rt s ta i n ( re s o rci n f uc hs m), 3 
White blood cclh See Leukocyte 
White line, hoof, 108, 109 
White matter, 46, 49, 54, 55 
White pulp, 70-71, 79, 81, 83 

Wright stain ( Roman ovsky), 3 



Yolk sphere, 240 



Z band, 41, 43 

Zona fasciculata, 192, 1 99, 200 

Zona glomerulosa (zone multiformis), 192, 199 t 200 

Zona intermedia, 192, 199 , 200 

Zona pellucida, 221, 225, 226 

Zona reticularis, 192, 199 , 200 

Zonary placenta, 222, 232, 233, 234 

Zo ne m u 1 tiff 5 r m i s ( zo n a glo me r u lo s a ) , 192, 199 , 200 

Zone of calcification, 23, 24 

Zone of hypertrophy, 23, 24 

Zone of multiplication, 23, 24 

Zone of ossification, 23, 24 

Zone of reserve cartilage, 23 

Zonular fiber, 245, 246, 249, 251 , 257 3 258 
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